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PREFACE 


Research  on  the  application  of  computational  fluid  dynamics  methods  to  unsteady  flows  and  aeroelastic  analysis, 
especially  in  the  transonic  range,  is  presently  undergoing  rapid  development.  In  order  to  assess  the  applicability  of  such 
newly  developed  prediction  techniques  for  practical  aeroelastic  investigations  of  modem  aircraft,  standard  aeroelastic 
configurations  for  comparing  calculated  and  measured  dynamic  aeroelastic  behaviour  under  high  subsonic  to  transonic  (low 
conditions  have  been  defined  by  the  AOARD-SMP. 

The  present  report  ci,  'ains  experimental  flutter  data  for  the  AGARD  3D  swept  tapered  standard  configuration  "Wing 
445.6”,  along  with  related  descriptive  data  of  the  model  properties  required  for  comparative  flutter  calculations.  Within  a 
cooperative  AGARD-SMP  programme  guided  by  the  Subcommittee  on  Acroelasticity,  this  standard  configuration  may 
serve  as  a  common  basis  for  comparisons  of  calculated  and  measured  aeroelastic  behaviour,  in  order  to  promote  a  better 
understanding  of  the  assumptions,  approximations  and  limitations  underlying  the  various  aerodynamic  methods  applied, 
thus  pointing  the  way  to  further  improvements. 
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AGARD  STANDARD  AEROFLA&TIC  CONF  IGURATIONS  FOR  DYNAMIC  RESPONSE 


I  —  WING  44'S,6 


ABSTRACT 

This  report  contains  experimental  flutter  data  for  the  AGARD  3D  swept  tapered  standard  configuration  "Wing  445.6", 
along  with  related  descriptive  data  of  the  model  properties  required  for  comparative  flutter  calculations. 

As  part  of  a  cooperative  AGARD-SMP  programme,  guided  by  ihe  Sub-Committee  on  Aeroelasticity,  this  standard 
configuration  may  serve  as  a  common  basis  for  comparisons  of  calculated  and  measured  aeroelastic  behaviour. 

These  comparisons  will  promote  a  better  understanding  of  the  assumptions,  approximations  and  limitations  underlying 
the  various  aerodynamic  methods  applied,  thus  pointing  the  way  to  further  improvements. 


Lc  present  rapport  contient  les  donnees  experimentales  de  flottement  relatives  i  la  configuration  standard  d'aile 
profilee  en  fleche  it  savoir  “voilure  445.6”  ainsi  que  des  elements  descriptifs  des  caracteristiques  du  modelc  requis  pour  les 
calculs  comparatifs  de  flottement. 

Dans  le  cadre  ddn  programme  collaboratif  AGARD-SMR,  sous  I'egide  du  sous-comite  pour  laeroelastieite,  cette 
configuration  standard  peut  servir  de  base  commune  pour  I'etahlissement  de  comparaisons  entre  le  componemcnt 
aeroelastique  reel  et  le  comportcment  calculd. 

De  telles  comparaisons  permev.iont  une  meilleure  comprehension  des  hypotheses,  approximations  et  contraintes  qui  sont  a 
la  base  des  differences  methodes  aerodynamiques  appliquees  actuellcment,  en  laissant  prevoir  ainsi  le  sens  des  ameliorations 
it  venir. 


AGARD  STANDARD  AGROELASTIC  CONFIGURATIONS  FOH  DYNAMIC  RGSPONSF 
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E .  Cai son  Yates ,  Jr . 
interdlso lpl inary  Research  office 
NASA  Langley  Reaearoh  Csntsr 
Hampton ,  Virginia  23665-5**5 
U.  S.  A. 


SUMMARY 

In  ordar  to  proaots  tna  evaluation  of  existing  and  emerging  unsteady  aarodynaalo 
codas  and  aathoda  for  applying  thaa  to  aaroalaatle  problaas>  aapaolally  ror  tha 
tranaonlo  range,  a  llaltsd  number  of  aarodynaalo  configurations  and  experlaental 
dynnalo-rasponaa  data  cats  ara  balng  daalgnatad  by  tna  AOARD  Struoturaa  and  Materials 
Panel  as  standards  for  ooaparlson.  This  sat  Is  a  aequel  to  that  aatabllshad  several 
yaara  ago  for  ooaparlaona  of  oaloulatad  and  aaaaurad  aarodynaalo  pressures  and  forces. 
This  report  presents  the  lnforaatlon  neaded  to  perfora  nutter  oelcu-atlone  for  the 
first  of  the  standard  oonf lguratlona  for  dynaalo  response  along  with  tha  related 
experlaental  flutter  data. 

SYMBOLS 


X.Z 


f 


1 


coordinates  along  and  perpendicular  to  chord 
length  froa  leading  edge 

calculated  frequency  of  l*h  undamped  coupled 


line,  fraction  or  chord 
vibration  aode,  Hi 


x.y.i 


coordinates  streaawlse,  spanwlae,  and  perpendicular  to  chord  plane 
aeasured  froa  wing  root  leading  edge 


Additional  syabols  used  only  in  the  appendix  are  defined  therein. 


INTRODUCTION 


Several  years  ago,  the  AGARD  Structures  and  Materials  Panel  selected  seven  two- 
dlaenslonal  and  five  three-dimensional  standard  lirtlng-eurfaoe  configurations  (refs.  1 
and  2)  to  provide  a  coaaon  basis  for  coaparlson  of  pressures  and  forces  oalculated  by 
the  caarglng  trsnaonlo  unsteady  ee-ody taalo  codes  in  order  to  assess  how  well  these 
aethods  aodel  the  essential  flow  physios.  Results  ooaputed  by  different  aethods  for  the 
same  wing  geometry  and  flow  conditions  can  be  compared  directly  with  each  other  and  with 
corresponding  experimental  aarodynaalo  data  as  a  logical  first  step  in  establishing  the 
accuracy  and  usefulnass  of  these  aethods.  Indeed,  the  configurations  of  references  1 
and  r  navn  been  used  extensively  for  this  intended  purpose. 

It  la  also  appropriate,  however,  to  designate  a  similar  set  of  configurations  and 
experimental-data  seta  as  'standard*  ror  the  ooaparlson  or  transonlo  flutter 
characterlatloa  and  dynamic  response  (either  forced  or  turbulence-excited)  In  order  to 
assess  now  well  these  codes  do  the  Job  ror  whioh  they  ware  Intended,  namely,  predict 
aeroelaatlc  behavior.  Comparisons  of  oalculated  dynaalo  response  with  the  experimental 
data  should  promote  a  better  understanding  or  the  structural-dynamic  oonsequem  .3  of  the 
assumptions,  approximations,  and  limitations  underlying  the  various  aerodynamic  methods 
and,  hoperilly,  point  the  way  to  further  improvements. 

In  order  to  assess  the  suitability  of  configurations  already  tested  and  the 
associated  data  for  designation  as  'standard*,  a  survey  of  AGARD  member  countries  was 
oonduoted  (ref.  3)  to  seex  candidates  for  the  prospective  set.  Reference  3  listed  sevrn 
Isolated  clean  wings  whioh  were  considered  to  be  suitable  as  standard  configurations, 
but  adequate  experimental  dynamic-response  data  existed  for  only  four  or  them  -  three 
swept  wings  and  one  unswept  wing. 

The  first  of  these  to  be  formslly  accepted  as  an  AGARD  standard  Is  the  family  of 
swept  tapered  wing  models  designated  'Ming  AV5.6"  In  referenoe  3.  Several  aspeots  of 
this  configuration  and  the  associated  experlaental  data  should  be  noted:  (1)  The 

« 

flutter  tests,  whioh  were  conducted  both  In  air  and  In  Freon-12 

(dlohlorodlfluoroaethane) ,  covered  a  very  wide  range  of  mass  ratio  (6.5  to  260  overall:. 
At  Mach  nuaber  1.0,  mass  ratio  values  were  about  12,  31,  and  250  the  last  two  values 
being  for  models  of  uniformly  reduced  stiffness.  (2)  The  transonic  dip  Is  rully 
defined,  Including  the  supersonic  side,  and  data  extend  also  well  into  the  subsonic 
range  (3)  Very  good  repeatability  or  data  was  shown.  (V)  With  one  exception,  the 
models  were  cantilever-mounted  froa  the  vunnel  wall  with  no  simulated  ruselage. 
Consequently,  flow  over  the  wing  was  not  complicated  by  interference  from  that  source. 


‘Freon  is  a  registered  trademark  of  G.  I.  DuPont  de  Nemours  Co.,  Inc 
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(5)  The  nodels  had  neither  twist  **or  camber  and  Mara  tested  at  sero  angle  or  attack. 
Thus,  tha  fluttar  data  ara  not  complicated  by  tha  effects  or  atatto  aeroelastic 
deformation,  Finally,  nota  that  1  llaitad  aaount  of  data  was  obtained  with  aodala  or 
dirfarant  altaa  and  with  a  at  lng-nounted  rull-span  aodai,  but  only  In  tha  low  aubaonlc 

ranca. 


Thla  reoort  presents  axparlaantal  riuttar  data  ror  thaaa  wing  aodala,  along  with 
ralatad  descriptive  aatarlal  and  tha  aodai  propartlaa  naadad  ror  riuttar  oaloulatlona. 
Reference  A  oontalna  all  or  tha  riuttar  data  and  raqulrad  lnroraatton  with  tha  exception 
or  tha  aoda  ahapaa  or  tha  natural  vibration  aodaa.  Consequently ,  ror  oonvanlanoa,  that 
papar  in  lta  antlraty  la  lnoludad  haraln  aa  an  appandlx.  Tha  natural  vibration  aodaa 
ror  two  or  tha  aodala  or  rararanoa  R,  ha va  baan  oaloulatad  by  rinl ta-alaaant  aodallng  and 
ara  praaantad  hara, 

MODELS 

Datalla  or  nodal  gaoaatry,  oohatruotlon ,  Idant ir loat Ion ,  and  phyaloal  propartlaa 
ara  glvan  In  tha  appandlx.  Soaa  additional  information  la  provldad  hara. 

Oaoaatry 

la  Indicated  In  tha  appandlx,  thraa  altaa  or  wall-aountad  aodala  and  ona  rull-apan 
at lng-nounted  wing-ruaalaga  aodai  wara  uaad  In  tha  axparlaantal  InVaatlgatlon.  All  or 
tha  wing  panala  wara  gaonatrlaally  alnllari  howavar,  tha  wing  daalgnatlon 
darlvaa  rroa  tha  gaoaatry  or  tha  rull-apan  wing-fuselage  nodal.  Tha  rirat  digit  In  thla 
nuabar  ooda  lndioataa  tha  rull-apan  aapact  ratio*  tha  aaoond  and  third  digits  lndloata 
quartar-ohord  sweepbaok  angla*  and  tha  rourth  digit  lndioataa  tha  rull-wing  tapar  ratio. 

All  of  tha  aodala  had  NACA  65A00R  alrroll  aaotlona  In  tha  atraaawlaa  dlraotlon. 

Tha  urdlnataa  ror  that  syaaatrleal  alrroll  ara  glvan  In  figura  23  or  rararanoa  5  and  ara 
raproducad  In  tabla  t  haraln.  Rararanoa  3  lncorraotly  daaorlbad  tha  wing  tips  as 
ravolvad.  Thay  wara  actually  squared  off. 

Boundary  Layers 

Natural  boundary-layer  transition  was  permitted  throughout  tha  tests,  and  Reynolds 
nuabar  (based  on  aaan  aaroiynaalo  chord)  varied  rroa  0.4  alllion  to  6.7  alllion.  As 
aentlonad  previously,  tha  saalspan  aodels  ware  attached  directly  to  tha  tunnel  wall  with 
no  siaulated  ruselage.  Tha  wing  root  was  thus  laaarsad  in  tha  wall  boundary  layer. 

Slnoa  tha  model  was  cantilevered,  howavar,  little  notion  ocourrad  near  tha  root  so  that 
portion  or  tha  wing  contributed  vary  little  to  tha  generalised  aarodynaalo  roroas 
driving  tha  riuttar  notion.  Consequently,  tha  arrect  or  wall  boundary  layer  on  neasurad 
riuttar  oharaoterlatloa  should  not  ba  significant  as  long  as  tha  boundary-layer 
thickness  Is  a  snail  rraotlon  or  tha  nodal  span.  Tor  these  testa,  tha  diaplaoenent 
thickness  or  tha  wall  boundary  layer  was  0.8  lnoh  or  lass. 

Modal  properties 

Tha  rrequenoles  or  tha  rirat  rour  natural  nodaa  wara  neasurad  ror  aaoh  nodal  and 
ara  glvan  In  tabla  1  or  tha  appandlx  along  with  tha  total  wing-panal  mass. 

Representative  neasurad  node  lines  ror  tha  saalspan  and  full-span  nodala  ara  shown  In 
figures  6  and  7,  respectively ,  of  tha  appandlx.  Use  of  this  lnroraatlon  In  tha 
calculation  or  tha  nods  shapes,  as  wall  aa  raooaaandations  for  use  in  riuttar 
calculations,  Is  dlsausaad  In  this  saotlon. 

Although  tha  node  shapes  wars  not  neasurad  for  tha  nodels  of  refarance  R,  they  can 
ba  readily  calculated  by  rinite-elenent  analysis  (ref.  b)  with  tha  available  lnromatlon 
and  with  tha  assunptlon  that  thaaa  solid  nodels  wara  or  honoganaous,  orthotropic 
oonpoaitlon.  Slnoa  nost  of  tha  fluttar  data  in  Fraon-12  and  In  air  wars  obtained  with 
2. 5-foot  solid  nodal  2  and  with  2,5-foot  weakened  nodal  3,  respectively,  those  uudels 
wara  chosen  ror  tha  noda-ahapa  computations. 

In  the  analysis,  tha  wing  panel  and  Integral  tang  uaad  for  cantilever  counting  to 
the  tunnel  wall  wara  nodalad  with  plate  elements,  specifically,  EAL  unoouplad  oonposlta 
K**3  elenants  (ref.  6).  Tha  wing  panel  was  represented  by  a  tan-by-tan  array  or 
alanants,  tha  Joint  looatlona  for  whloh  ara  listed  in  tabla  2  and  shown  in  figures  1(a) 
and  2(a).  Tha  nodes  wara  aqulspaoad  in  tha  spanwlsa  dlraotlon  and  aquispaoad  along  tha 
looal  ohord  axowpt  for  tha  sixth  Joints  along  tha  ahords  whloh  were  slightly  skewed  to 
give  a  better  representation  of  tha  wing  alastio  axis. 

Values  of  alastio  noduli  and  Poisson's  ratio  representing  tha  anisotropic  character 
of  those  lanlnated-aahogauy  wings  wara  taken  Initially  fron  rararanoa  7,  but  wara 
nodlflad  slightly  In  erder  to  duplicate  aa  closely  as  possible  tha  neasurad  nodal 
frequencies  and  nsda  Unas.  Tha  flnnl  values  used  for  tha  shear  ncdulus  G  and  for 
Young's  modulus  E  along  tha  grain  wara* 

For  solid  nodal  2, 

C  -  O.U59xlO(pal,  E  •  1  .l#R6x106pal. 
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For  weakened  aodal  i, 

Q  •  0.0»9Tb5x10%ei,  (  •  4.«T«?2i10(pat. 

The  velur  or  Poisson's  ratio  used  ror  both  «ln|a  was  0.310. 

Tha  calculated  aodal  deflections  and  frequencies  of  tha  rirat  ala  natural  aodaa  ara 
liatad  In  tabla  3  for  aoltd  nodal  «  and  In  tabla  t  for  weakened  nodal  3.  Contour  plota 
of  tha  a  conponant  for  tha  rirat  five  -f  tnaaa  aodaa  ara  ahoun  in  fliuraa  1  and  2, 
respectively,  and  oblique  projaotlona  a<  >  (Ivan  In  fliuraa  3  and  t.  Node  ala  la  not 
inoludad  in  fliuraa  1  to  b  baaauaa  it  involves  prlaarlly  fore-and-aft  notion  (tables 
3(f)  and  d(f)).  In  thta  oonnaotlon,  nota  th.  niuh-speed  notion  ploturaa  or  tha  riuttar 
notion  (raf.  b)  ahouad  no  visible  avidanoa  af  fora-  ■’d -a  ft  notion,  finally,  nota  that 
tha  nodal  daflaotlona  have  baan  nornallaad  to  ylald  a  genrraliaed-aaaa  natrli  that  la 
tha  Identity  aatrix,  and  If  tha  nodal  daflaotlona  ara  regarded  aa  dlnanalonlaaa,  thaaa 

lanarallaad  naaaaa  ara  In  unlta  of  lb  eeo^ln*'. 

To  obviate  tha  naad  for  annual  oopyliil  of  nodal  data,  tha  data  praaantad  In  tabloa 
2  to  a  have  baan  aant  to  COSMIC  for  dlatrlbulon  and  nay  ba  obtalnad  by  requesting  "Modal 
Data  ror  Hint  bbs.6"  fron  COSMIC  Software  Infornatlon  Services,  University  of  Oaorila, 

Athena,  OA  30602,  U.S.A.,  talaphona  (bOb)  $b2-3263,  talaa  tin  T5b-J906. 

I  Five  or  six  nodaa  ahould  ba  nora  than  aufflolant  to  converge  fluttar  aolutlona  for 

i  thaaa  wln|a.  Tha  alath-noda  caloulatod  frequs.iolea  ara  approxlaataly  seven  tlaas  tha 

aaxlaua  exparlaental  fluttar  frequencies.  Moreover,  tha  alnpla  aodlflad-strlp-analyela 
fluttar  calculations  of  rafaranea  I  (appandlx  haraln)  uara  aaaantlally  oonvariad  with 
only  thraa  nodaa.  In  addition,  tha  roaulta  of  thoaa  fluttar  oaloulatlona  uara  not 
particularly  sensitive  to  variations  in  tha  noda  ahapaa.  consequently,  tha  noda  ahapaa 
oaloulatad  for  tha  tuo  aalaotad  aodala  ara  conaldarad  to  ba  aultabla  alao  for  tha  othar 
nodala  of  rofaranoa  b  with  tha  poaalbla  axoaptlon  of  tha  full-span  atlni-nountad  nodal. 

Tha  axparlnantal  fluttar  data  ror  that  nodal,  however,  ara  llnltad  to  virtually  a  alntla 
condition  at  low  Mach  nuab or.  Conaaquantly,  It  waa  not  conaldarad  to  ba  of  aufflolant 
valua  to  warrant  a  aaparata  noda  calculation. 

In  parfornlnl  fluttar  oaloulatlona  for  thaaa  nodala,  it  la  augiaatad  that  tha 
naaaurad  nodal  fraquanclaa  for  tha  particular  nodal  ba  uaad  for  tha  first  four  nodaa. 

Although  naaaurad  valuaa  of  atructural  danplng  coefficient  wara  not  |lvan  In  rafaranea 
a,  thay  wara  of  tha  ordar  of  0.02.  That  value  la  conaldarad  approprlata  for  all  nodaa 
In  tha  riuttar  calculations,  fluttar  results  fron  tha  nodlflad-atrlp-analyala 
calculations  of  rafaranea  A  wara  not  particularly  aanaltlva  to  nonlnal  variations  In  tha 
structural-daaplnl  valua  uaad. 

FLUTTER  TESTS  AND  DATA 

Details  of  tha  tunnal,  apparatus,  and  taat  prooadura  ara  given  In  rafaranea  a 
(appendix  herein).  However,  a  raw  additional  aonnanta  ara  approprlata.  First,  for  tha 
testa  In  Freon-12  gas,  tha  ratio  of  specific  heats  la  1.1b  rather  than  l.b  as  It  is  for 
air.  In  addition,  whan  perroraing  oonparatlva  fluttar  oaloulatlona,  attention  should 
rocua  on  the  physical  properties  and  riuttar  data  points  for  a  particular  nodal  (liatad 
In  tables  I,  H,  and  III  and  plotted  In  figures  IS  and  16  or  rererenoa  b),  rather  than 
on  tha  ralrad  curves  in  tha  riguraa,  Nota  In  particular  that  differences  batwaan  tha 
data  points  and  the  faired  ourvea  ara  not  necessarily  Indicative  of  axparlnantal 
scatter,  but  ara  oauaad  prlnarlly  by  differences  In  the  properties  or  tha  noduls  used. 

For  axanpla,  tha  pattern  of  data  points  shown  In  ngure  16  for  tha  2.$-root  weakened 
nodals  In  air  at  Mach  nunbara  batwaan  0.S  and  0.9  la  alao  apparent  In  the  corresponding 
nodlf lad-strlp-anslyala  results  (rigura  IT). 

Finally,  to  facilitate  direct  oonparlaons  batwaan  tha  results  or  various 
ooaputatlons.  It  la  suggested  that  thoaa  results  ba  praaantad  in  tsrna  or  tha 
nondlaenslonal  flutter-speed  Index  and  flutter-rrequenoy  ratio  uaad  In  figure  16  or 
rafaranea  b.  Noraovar,  to  aid  in  tha  interpretation  of  results,  It  la  noted  that  for 
wings  with  dirrerant  sixes  and/or  dirrerent  levels  or  aass  and  attffnaas,  but  with  tha 
,  aaaa  shape  and  distribution  of  aass  and  stiffness,  thax  .  nondlaenslonal  riuttar 

j  charac tari at  lea  ara  functions  only  of  Mach  nuabar  and  aaaa  ratio  and  hence  are 

representable  as  fluttar  aurfacaa.  Thus,  neglecting  alnor  differences  In  aaaa  and 
stiffness  distributions  for  tha  wall-aounted  aodala,  tha  thraa  curves  shown  in  figures 
16(a)  and  (b)  of  rafaranea  b  represent  aaaantlally  three  tracks  across  tha  riuttar  apeed 
and  frequency  surfaces  for  the  subject  configuration.  Further  dlacuaalor  of  the 
Interpretation  and  laplloatlona  of  tha  flu'.ter  surface  arc  given  In  Appandlx  C  of 
rafaranea  8. 
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Table  1.-  Ordlnataa  for  NACA  6SA004  Airfoil 


lioadinq-adga  radiuat  0.00102  of  chord 
Trai ling-ad go  radiuat  0.00010  of  chord 


X 

I 

0.0 

0.00 

.003 

.00304 

.0073 

.00363 

.0123 

.00469 

.023 

.00647 

.050 

.00873 

.073 

.01039 

.10 

.01213 

.13 

.01439 

.20 

.01643 

.23 

.01738 

.30 

.01392 

.33 

.01962 

.40 

.01997 

.43 

.01996 

.30 

.01934 

.33 

.01868 

.60 

.01743 

.63 

.01386 

.70 

.01402 

.73 

.01193 

.30 

.00967 

.33 

.00729 

.90 

.00490 

.93 

.00230 

1.00 

.00009 

Tsbla  2 , -  Joint  Locations  (in  inchas)  (or  Plats-Blsmsnt  Hodala 


« 

X 

y 

2 

Joint 

X 

y 

2 

1 

0. 

0. 

0. 

62 

.2606988*02 

.1500008*02 

0. 

2 

.2196008*01 

0. 

0. 

41 

.2869268*02 

.1500008*02 

0. 

1 

.4192008*01 

0. 

0. 

64 

.1051548*02 

*  trfVVVWI  V8 

0. 

4 

.6906008*01 

0. 

0. 

15 

1213828*02 

.150000*403 

0. 

S 

.8704008*01 

0. 

0. 

66 

.1416108*02 

.150000*402 

•  *  ***¥VW*»S 

0. 

« 

.1075008*02 

0. 

0. 

47 

.1911968*02 

.1800008*02 

0. 

7 

.1317608*02 

0. 

0. 

61 

.2086798*02 

.1800008*02 

0. 

• 

.1537208*02 

0. 

0. 

69 

.2261598*02 

18000QB*02 

0. 

• 

.1756808*02 

0. 

0. 

70 

.24)6418*02 

.1800008*02 

0. 

10 

.1974408*02 

0. 

0. 

71 

.2611218*02 

.1800008*02 

0. 

11 

.2196008*02 

0. 

0. 

72 

.2810008*02 

.1800008*02 

0. 

12 

.3106608*01 

.1000008* 01 

0. 

73 

. 2960868*02 

.1900008*02 

0. 

1) 

.5307968*01 

.3000008*01 

0. 

74 

.11)5678*02 

.1000008*02 

0. 

14 

.7429328*01 

.3000008*01 

0. 

75 

.1)10498*02 

.1800008*02 

0. 

IS 

.955068*  01 

3080008*01 

•  JWWWTVA 

0. 

76 

. 1485318*02 

.1800008*02 

0. 

16 

.1167208*02 

.3000008*01 

0. 

77 

.1660128*02 

.1800008*02 

0. 

17 

.1165008*02 

.3000008*01 

0. 

75 

.2230628*02 

.2100008*02 

0. 

16 

.1591408*02 

.3000008*01 

0. 

79 

.2)97978*02 

.2100008*02 

0. 

19 

.1801618*02 

.3000008*01 

0. 

80 

.25653)8*02 

.2100008*02 

0. 

20 

.2015758*02 

.3000008*01 

0. 

81 

.2732688*02 

.2100008*02 

0. 

21 

.2227808*02 

.3000008*01 

0. 

82 

.2900038*02 

.2100008*02 

0. 

22 

.2440028*02 

.3000008*01 

0. 

81 

.3090008*02 

.2100008*02 

0. 

21 

.6373208*01 

.6000008*01 

0. 

84 

.12)4738*02 

.2100008*02 

0. 

24 

.8419928*01 

.6000008*01 

0. 

85 

.3402098*02 

.2100008*02 

0. 

25 

.1046668*02 

.6000008*01 

0. 

86 

.3569448*02 

.2100008*02 

0. 

26 

.1251348*02 

.6000008*01 

0. 

87 

.1736798*02 

.2100008*02 

0. 

27 

.1454018*02 

.6000008*01 

0. 

88 

.3904148*02 

.2100008*02 

0. 

28 

.1660008*02 

.6000008*01 

0. 

89 

.2549288*02 

.2400008*02 

0. 

29 

.1865158*02 

.6000008*01 

9. 

90 

.2709178*02 

.2400008*02 

0. 

30 

.2070028*02 

.6000008*01 

0. 

91 

.2869068*02 

.2400008*02 

0. 

31 

.2274708*02 

.6000008*01 

0. 

92 

.1028958*02 

.2400908*02 

0. 

32 

.2479178*02 

.6000008*01 

0. 

93 

.3188838*02 

.2400008*02 

0. 

33 

.2684048*02 

.6000008*01 

0. 

94 

.1370008*02 

.2400008*02 

0. 

34 

.9559808*01 

.9000008*01 

0. 

95 

.3508618*02 

.2400008*02 

0. 

35 

.1151198*02 

.9000008*01 

0. 

96 

.3668508*02 

.2400008*02 

0. 

36 

.1350408*02 

.9000008*01 

0. 

97 

,3828398*02 

.2400008*02 

0. 

37 

.1547608*02 

.9000008*01 

0. 

98 

.3988278*02 

.2990008*02 

0. 

38 

.1744818*02 

.9000008*01 

0. 

99 

.4148168*02 

.2400008*02 

0. 

39 

.1959008*02 

.9000008*01 

0. 

100 

.2867948*02 

.2700008*02 

0. 

40 

.2139238*02 

.9000008+01 

0. 

101 

.3020378+02 

.2700008+02 

0. 

41 

.2336448*02 

.9000008*01 

0. 

102 

.3172798*02 

.2700008*02 

0. 

42 

.2533648*07 

.9000008*01 

0. 

103 

.3325218*02 

.2700008*02 

0. 

43 

.2730858*02 

.9000008*01 

0. 

104 

.3477648*02 

.2700008*02 

0. 

44 

.2926068*02 

.9000008*01 

0. 

105 

.3670008*02 

1700008*02 

0. 

45 

.1274648*02 

.1200008*02 

0. 

106 

.3782498*02 

.2700008*02 

0. 

46 

.1464188*02 

.1200008*02 

0. 

107 

.3934918*02 

.2700008*02 

0. 

47 

.1654118*02 

.1200008*02 

0. 

108 

.4087338*02 

.2700008*02 

0. 

48 

.1843878*02 

.1200008*02 

0. 

109 

.423976F+02 

.2700008*02 

0. 

49 

.2031620*02 

.1200008*02 

0. 

110 

.4392188*02 

.2700008*02 

0. 

SO 

.2230008*02 

.1200008*02 

0. 

111 

.3186608*02 

.3000008*02 

0. 

51 

.2413108*02 

.1200008*02 

0. 

112 

.3311568*02 

.3000008*02 

0. 

52 

.2602658*02 

.1200008*02 

0. 

111 

.3476528*02 

.3000008+02 

0. 

53 

.2792598*02 

.1200008*02 

0. 

114 

.3621488*02 

.3000008*02 

0. 

54 

.2982348*02 

.1200008*02 

0. 

115 

.3766448*02 

.3000008*02 

0. 

55 

.3172088102 

.1200008*02 

0. 

116 

.3950008*02 

.3000008*02 

0. 

56 

.1593308*02 

.1500008*02 

0. 

117 

.4056368*02 

.3000008*02 

0. 

57 

.1775588*02 

.1500008*02 

0, 

U8 

.4201328*02 

.3000008*02 

0. 

58 

.1957868*02 

.1500008*02 

0. 

119 

.4346288*02 

.3000008*02 

0. 

59 

.2140148*02 

.1500008*02 

0. 

120 

.4491248*02 

.3000008*02 

0. 

60 

.2322428*02 

.1500008*02 

0. 

121 

,<636208*02 

.3000008*02 

0. 

61 

.2520008*02 

.1500008*02 

0. 

Tabla  3.-  Calculatad  Modal  Fraquanciaa  and  Daflactioni 
for  3 . 5-root  Solid  Modal  2 

(a)  Moda  1,  f j  •  14.1201  Ha 


JOfu 

X 

y 

2 

todx 

tody 

1 

.9666-10 

.1046-06 

-.7846-01 

.5416-02 

-.2406-01 

2 

.1271-09 

.6766-09 

-.3216-01 

.3656-02 

-.1966-01 

1 

0.  * 

0.  * 

0.  • 

0.  » 

0. 

4 

0.  * 

0.  • 

0.  * 

0.  » 

0. 

S 

0.  * 

0.  » 

0.  » 

0.  » 

0. 

6 

0.  * 

0.  * 

0.  * 

0.  » 

0. 

7 

0.  » 

C.  * 

0.  • 

0.  * 

0. 

• 

0.  • 

0.  » 

0.  » 

0.  * 

0. 

9 

0.  • 

0.  * 

0.  * 

0.  * 

0. 

10 

-.6306-09 

-.1466  06 

-.4568-01 

.1806+00 

.5686-02 

11 

-.6076-09 

-.2176-06 

-.7756-01 

.2486+00 

-.2556-01 

12 

.6266-09 

.5526-09 

.2366-01 

.2176-01 

-.1966-01 

13 

.5466-09 

.1646-09 

.6386-01 

.3596-01 

-.1548-01 

14 

.4376-09 

.9226-10 

.9886-01 

.5836-01 

-.1626-01 

IS 

.1716-09 

-.1756-10 

.1396*00 

.8256-01 

-.1906-01 

16 

.3646-09 

-.1306-09 

.1866*00 

.1106+00 

-.2126-01 

17 

.3616-09 

-.2676-09 

.2386*00 

.1396*00 

-.2276-01 

16 

.4106-09 

-.4666-09 

.3076*00 

.1766*00 

-.2576-01 

19 

.5136-09 

-.7936-09 

.3916*00 

.2156*00 

-.3271-01 

20 

.6436-09 

-.1546-08 

.5206*00 

.2426*00 

-.5071-01 

21 

.6506-09 

-.2476-08 

.6836*00 

.7906*00 

-.1006*00 

22 

.4916-09 

-.3363-08 

.1958*00 

.3386*00 

-.1196+00 

21 

.9906-09 

.2766-09 

.2806*00 

.8346-01 

-.5241-01 

24 

.9466-09 

.1636-09 

.3966*00 

.1136*00 

-.5956-01 

25 

.9426-09 

-.3526-10 

.5286*00 

.1476*00 

-.6636-01 

26 

.9606-09 

-.2766-09 

.6746*00 

.1836+00 

-.7341-01 

27 

.1016-08 

-.5678-09 

.8388*00 

.2216*00 

-.8176-01 

26 

.1106-06 

-.9166-09 

.1028*01 

.2626*00 

-.9181-01 

29 

.1236-06 

-.1366-08 

.1236*01 

.3036*00 

-.1066*00 

30 

.1366-08 

-.1976-08 

.1486*01 

.3436*00 

-.1261*00 

31 

.1466-06 

-.2696-08 

.1776*01 

.3856*00 

-.1451*00 

32 

.1466-08 

-.3476-08 

.2116*01 

.4306+00 

-.1671*00 

33 

.1446-06 

-.4316-08 

.2506*01 

.4698*00 

-.1976+00 

34 

.1606-06 

.1566-09 

.9296*00 

.*736*00 

-.1151*00 

35 

.1686-06 

-.1216-09 

.1176*01 

.2086+00 

-.1256+00 

36 

.1746-06 

-.4686-09 

.1436*01 

.2466+00 

-.1356*00 

37 

.1836-06 

-.8686-09 

.1716*01 

.2846+00 

-.1476*00 

36 

.1936-06 

-.1326-08 

.2026*01 

.3238+00 

-.1611*00 

39 

.2076-08 

-.1866-08 

.2376+01 

.3656+00 

-.1778+00 

40 

.2206-08 

-.2426-08 

.2736+01 

.4036+00 

-.1966+00 

41 

.2306-08 

-.3086-08 

.3146+01 

.4416+00 

-.2176*00 

42 

.2376-08 

-.3806-08 

.3608*01 

.4796+00 

-.2406*00 

43 

.2406-08 

-.4586-08 

.4106+01 

.5176+00 

-.2661+00 

44 

.2416-08 

-.5386-08 

.4666+01 

.5496700 

-.2981*00 

45 

.2636-08 

-.2936-09 

.2086+01 

.2716+00 

-.1876+00 

46 

.2726-06 

-.7226-09 

.2456+01 

.3066+00 

-.2006+00 

47 

.2616-08 

-.1216-08 

.2856+01 

.3426+00 

-.2136+00 

48 

.2926-08 

-.1736-08 

.3276+01 

.3788+00 

-.2288+00 

49 

.3046-06 

-.2256-08 

.3726+01 

.4146+00 

-.2446+00 

50 

.3166-08 

-.2928-08 

.4226+01 

.4506+00 

-.2646+00 

51 

.3276-08 

-.3546-08 

.4726+01 

.4836+00 

-.2836+00 

52 

.3366-08 

-.4236-08 

.5296+01 

.5166+00 

-.3051*00 

53 

.3426-08 

-.4966-08 

.5896+01 

.5486+00 

-.3286*00 

54 

.3466-08 

-.5736-08 

.6546+01 

.5786+00 

-.3541+00 

55 

.3406-08 

-.6536-08 

.7256+01 

.5986+00 

-.3906+00 

56 

.3881-08 

-.1046-08 

.3768*01 

.3666+00 

-.2641*00 

57 

.3966-08 

-.1598-08 

.4266+01 

.3986+00 

-.2786+00 

58 

.4056-08 

-.2186-08 

.4786+01 

.4306+00 

-.2926+00 

59 

.4156-08 

-.2786-08 

.5336+01 

.4616+00 

-.3086+00 

60 

.4256-08 

-.3406-08 

.5916+01 

.4916+00 

-.3256+00 

61 

.4366-08 

-.4108-08 

.6586+01 

.5236+00 

-.3458+00 

Table  3.-  Continued 
(a)  Concluded 


Joint 

X 

y 

Z 

dz/dx 

dz/dy 

62 

. 444E-08 

-.471E-08 

.717E+01 

. 548E+00 

-.362E+00 

63 

. 452E-08 

-.541E-08 

.  785E+01 

.574E+00 

-.383E+00 

64 

■458E-08 

-.614E-08 

.857E+01 

. 599E+00 

-.406000 

65 

.461E-08 

-.690E-08 

■934E+01 

■620E+00 

-.430000 

66 

. 463E-08 

-.768E-08 

•102E+02 

•629E+00 

- . 468E+00 

67 

. 524E-08 

-.204E-08 

. 596E+01 

. 452E+00 

-.338E+00 

68 

. 530E-08 

-.266E-08 

.657E+01 

. 479E+00 

- . 3S2E+00 

69 

.537E-08 

-.329E-08 

•720E+01 

. 505E+00 

-.366000 

70 

.  545E-08 

-.393E-08 

.785E+01 

. 530E+00 

-.381E+00 

71 

.553E-08 

-.458E-08 

■853E+01 

. 553E+00 

-.397E+00 

72 

.562E-08 

-.533E-08 

.934E+01 

. 579E+00 

-.416000 

73 

. 568E-08 

-.592E-08 

•998E+01 

. 596E+00 

-.431E+00 

74 

.574E-08 

-.661E-08 

.108E+02 

.615E+00 

-.450E+00 

75 

.579E-08 

-.733E-08 

•116E+02 

■631E+00 

-.471000 

76 

.582E-08 

-.806E-08 

.  124E+02 

.645E+00 

- . 494E+00 

77 

.584E-08 

-.880E-08 

■133E+02 

•642E+00 

-.532E+00 

78 

■663E-08 

-.320E-08 

■862E+01 

. 524E+00 

-.405E+00 

79 

.667E-08 

-.385E-08 

. 931E+01 

. 544E+00 

-.417E+00 

80 

.672E-08 

-.450E-08 

. 100E+02 

. 563E+00 

-.430E+00 

81 

.678E-08 

-.515E-08 

. 108E+02 

. 581E+00 

-.443E+00 

82 

.684E-08 

-.580E-08 

.115E+02 

. 598E+00 

-.456E+00 

83 

.691E-08 

-.655E-0B 

•124E+02 

■615E+00 

-.473E+00 

84 

.69SE-08 

-.712E-08 

•131E+02 

•626E+00 

-.487E+00 

85 

.700E-08 

-.780E-08 

.139E+02 

•637E+00 

- . 504E+00 

86 

.703E-08 

-.848E-08 

. 148E+02 

■646E+00 

-.522E+00 

87 

.705E-08 

-.918E-08 

. 157E+02 

■652E+00 

- . 542E+00 

88 

.707E-08 

-.987E-08 

. 166E+02 

■638E+00 

-.581E+00 

89 

.801E-08 

-.446E-08 

•117E+02 

. 578E+00 

-.459E+00 

90 

.803E-08 

-.5UE-08 

.124E+02 

. 590E+00 

-.469000 

91 

•806E-08 

-.576E-08 

.132E+02 

•603E+00 

-.479E+00 

92 

■810E-08 

-.640E-08 

.139E+02 

•614E+00 

- . 490E+00 

93 

.814E-08 

-.703E-08 

. 147E+02 

■623E+00 

-.502E+00 

94 

.819E-08 

-.775E-08 

■157E+02 

.  632E+00 

-.517E+00 

95 

■822E-08 

-.831E-08 

. 164E+02 

.637E+00 

- . 528E+00 

96 

.825E-08 

-.895E-08 

■172E+02 

•642E+00 

-.543E+00 

97 

.827E-08 

-.960E-08 

. 181E+02 

•645E+00 

-.559E+00 

9S 

.828E-08 

-.103E-07 

.190E+02 

•644E+00 

-.577E+00 

99 

.829E-08 

-.109E-07 

. 200E+02 

. 622E+00 

-.616E+00 

100 

.934E-08 

-.578E-08 

.150E+02 

.612E+00 

-.498000 

101 

.O35E-08 

-.641E-08 

. 157E+02 

■617E+00 

-.506E+00 

102 

.937E-08 

-.702E-08 

. 165E+02 

•623E+00 

-.514E+00 

103 

.939E-08 

-.763E-08 

•173E+02 

•527E+00 

-.523E+00 

104 

.942E-08 

-.824E-08 

.181E+02 

•630E+00 

-.534000 

105 

.944E-08 

-.900E-08 

•192E+02 

.633E+00 

-.54800!' 

106 

•946E-08 

-.945E-0B 

. 198E+02 

.634000 

-.557E+00 

107 

•948E-08 

-.101E-07 

.206002 

•634E+00 

-.S70E+00 

108 

.949E-08 

-.107E-07 

.215E+02 

•632E+00 

- .  585E+00 

109 

.949E-08 

-.U3E-07 

•224E+02 

.629E+00 

-.602E+00 

110 

.950E-08 

-.119E-07 

.234E+02 

.605E+00 

-.641E+00 

111 

.106E-07 

-.709E-08 

. 185E+02 

.626E+00 

-.524E+00 

112 

•106E-07 

-.768E-08 

. 192E+02 

•624E+00 

-.528000 

113 

. 106E-07 

-.826E-08 

•200E+02 

.624E+00 

-.535000 

114 

.106E-07 

-.884E-08 

. 208E+02 

■623E+00 

-.545E+00 

US 

.106E-07 

-.941E-08 

. 216E+02 

•623E+00 

- . 556E+00 

116 

.107E-07 

-.101E-07 

•226E+02 

.623000 

-.570000 

117 

.107E-07 

-.106E-07 

.232  002 

.622E400 

- . 579E+00 

118 

.107E-07 

-.UlE-07 

.241E+02 

•621E+00 

- . 592E+00 

119 

.107E-07 

-.U7E-07 

•249E+02 

■  618E+00  ■■ 

-.608000 

120 

.107E-07 

-.123E-07 

. 258E+02 

.615E+00 

-.629000 

121 

•107E-07 

-.129E-07 

. 268E+02 

.  598E+00 

-.707E+00 

Table  3.-  Continued 


(b)  Mod*  2,  f,  »  50.9125  Hz 


Joint 

X 

1 

Z 

dz/dx 

dz/dy 

i 

.205E-05 

.2188-04 

-.4578+00 

.8448-01 

-.1468+00 

2 

.269E-0S 

.1418-04 

-.2008+00 

.7108-01 

-.1238+00 

3 

0.  « 

0.  * 

0.  * 

0.  * 

0. 

4 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

5 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

6 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

7 

0.  « 

0.  * 

0.  * 

0.  * 

0. 

e 

0.  » 

0.  * 

0.  * 

0.  * 

0. 

9 

0.  * 

0.  * 

0.  * 

0.  + 

0. 

10 

-.144E-04 

-.302E-04 

-.7998*00 

-.1508+00 

.5238+00 

11 

-.1458-04 

-.4938-04 

-.2648+01 

-.836E-01 

.9868+00 

12 

.1318-04 

.1168-04 

.2938+00 

.2148+00 

-.1228+00 

13 

.1138-04 

.3978-05 

. 4858+00 

.2648+00 

-.9018-01 

14 

.902E-05 

.2198-05 

.6038+00 

. 3718+00 

-.4948-01 

15 

.7518-05 

.1868-07 

.6658+00 

.4218+00 

-.2458-01 

16 

.7228-05 

-.2238-05 

.6638+00 

: 4318+00 

.1348-01 

17 

.7398-05 

-.5018-05 

.5748+00 

.3988+00 

.6638-01 

18 

.8168-05 

-.9568-05 

. 3238+00 

.2928+00 

■145E+00 

19 

.9998-05 

-.1598-04 

-.1518+00 

.1268+00 

.2868+00 

20 

.1188-04 

-.3148-04 

-.1228+01 

.7108-01 

.6238+00 

21 

.1178-04 

-.5118-04 

-.3118+01 

.1758-01 

.1078+01 

22 

.8018-05 

-.7068-04 

-.6068+01 

.8498-01 

.1608+01 

23 

.2048-04 

.6118-05 

.1968+01 

.6178+00 

-.2208+00 

24 

.194E-04 

. 4018-05 

.2318+01 

.7148+00 

-.1608+00 

25 

.1928-04 

.1438-06 

.2508+01 

.7858+00 

-.7098-01 

26 

.1948-04 

-.474E-05 

.2508+01 

.8178+00 

.3888-01 

27 

.2028-04 

-.1078-04 

.2268+01 

.8028+00 

.1758+00 

28 

.2178-04 

-.1798-04 

.1708+01 

.7458+00 

.3498+00 

29 

.2418-04 

-.2728-04 

.7358+00 

.6498+00 

.5758+00 

30 

.2698-04 

-.4018-04 

-.7738+00 

.5538+00 

.8968+00 

31 

.2838-04 

-.5568-04 

-.2998+01 

.4718+00 

.1268+01 

32 

.2808-04 

-.7278-04 

-.6018+01 

.4108+00 

.1678+01 

33 

.2748-04 

-.9108-04 

-.1028+02 

.5248+00 

.2288+01 

34 

.3288-04 

.4318-05 

. 5268+01 

.1138+01 

-.2278+00 

35 

.3438-04 

-.1128-05 

.5528+01 

.1198+01 

-.8698-01 

36 

.3568-04 

-.8108-05 

.5488+01 

.1238+01 

.9358-01 

37 

.3718  04 

-.1648-04 

.5078+01 

.1238+01 

.2998+00 

38 

.3918-04 

-.2598-04 

.4228+01 

.1198+01 

.5378+00 

39 

.4178-04 

-.3738-04 

.2808+01 

.1138+01 

.8258+00 

40 

.4428-04 

-.4968-04 

.9438+00 

.1068+01 

.1138+01 

41 

.4628-04 

-.6398-04 

-.1658+01 

.9838+00 

.1498+01 

42 

.4748-04 

-.7988-04 

-.498E+01 

.9168+00 

.1888+01 

43 

.4798-04 

-.9718-04 

-.9118+01 

.8718+00 

.2308+01 

44 

.4788-04 

-.1158-03 

-.1458+02 

.1078+01 

. 299E+01 

45 

.5448-04 

-.4168-05 

.9868+01 

.1678+01 

-.2258-01 

46 

.5628-04 

-.1298-04 

.9668+01 

.1688+01 

.2048+00 

47 

.5818-04 

-.2308-04 

.9008+01 

.1688+01 

. 466E+00 

48 

.6028-04 

-.3428-04 

.7838+01 

.1658+01 

.7518+00 

49 

.6268-04 

-.4638-04 

.6108+01 

. 160E+01 

.1068+01 

50 

.6518-04 

-.6008-04 

. 3678+01 

•153E+01 

.1418+01 

51 

.6728-04 

-.7388-04 

.7778+00 

.1468+01 

. 175E+01 

52 

.6908-04 

-.8938-04 

-.2898+01 

.1398+01 

.2128+01 

53 

.7038-04 

-.1068-03 

-.7288+01 

.1348+01 

.2518+01 

54 

.7118-04 

-.1248-03 

-.1258+02 

.1318+01 

.2938+01 

55 

.7148-04 

-.1428-03 

-.1898+02 

.1608+01 

.3698+01 

56 

.8138-04 

-.1928-04 

.1518+02 

.2198+01 

.  4168+00 

57 

.8318-04 

-.3088-04 

.1408+02 

.2158+01 

.7038+00 

58 

.8508-04 

-.4348-04 

.1248+02 

.2118+01 

'  .1028+01 

59 

.8718-04 

-.5668-04 

.1038+02 

.2058+01 

.1358+01 

60 

.8938-04 

-.7048-04 

.7518+01 

.1988+01 

.1698+01 

61 

.9168-04 

-.6628-04 

-  3808+01 

.1918+01 

.2078+01 

I 


Table  3.-  Continued 
(b)  Concluded 


Joint 

X 

y 

2 

dz/dx 

dz/dy 

62 

.934E-04 

-.100E-03 

. 7S3E-01 

.184001 

.2396+01 

63 

■951E-04 

-.116E-03 

-.461E+01 

.178001 

.2756+01 

64 

.964E-04 

-.133E-03 

-.998E+01 

.173001 

.314E+01 

65 

.972E-04 

-.151E-03 

-.161E+02 

.173001 

. 356E+01 

66 

.976E-04 

-.170E-03 

-.235E+02 

.210001 

.4366+01 

67 

.112E-03 

-.401E-04 

.200E+02 

.264E+01 

. 1O5E+01 

58 

. 113E-03 

-.537E-04 

.179E+02 

. 255E+01 

.1366+01 

69 

.115E-03 

-.678E-04 

.152E+02 

•248E-01 

.1696+01 

70 

.117E-03 

-.823E-04 

.120E+02 

■241E+01 

.2036+01 

71 

. 118E-03 

-.972E-04 

.814E+01 

•233E+01 

.2376+01 

72 

■121E-03 

-.115E-03 

. 307E+01 

. 225E+01 

.2756+01 

73 

■122E-03 

-.128E-03 

-.129E+01 

. 219E+01 

.3046+01 

74 

■124E-03 

-.145E-03 

-.690E+01 

.214E+01 

.3386+01 

75 

.125E-03 

-.162E-03 

-.131E+02 

. 211E+01 

.3756+01 

76 

•126E-03 

-.179B-03 

-.200E+02 

.214001 

.4156+01 

77 

■126E-03 

-.197E-03 

-.282E+02 

.260E+01 

.4976+01 

78 

.144E-03 

-.655E-04 

.240E+02 

.300001 

.1806+01 

79 

•145E-03 

-.803E-04 

. 207E+02 

. 287E+01 

.2116+01 

80 

•146E-03 

-.954E-04 

. 169E+02 

.279001 

.2436+01 

81 

•148E-03 

-.111E-03 

■126E+02 

. 27OE+01 

.274E+01 

82 

■149E-03 

-.126E-03 

.779Bf01 

•263E+01 

. 305E+01 

83 

•151E-03 

-.144E-03 

. 169E+01 

•255E+01 

.3396+01 

64 

•152E-03 

-.1S7E-03 

-.339E+01 

•251E+01 

.3656+01 

85 

•1S4E-03 

-.173E-03 

-.975E+01 

.248001 

.3966+01 

86 

•154E-03 

-.190E-03 

-.167E+02 

.248001 

.4296+01 

87 

•1S5E-03 

-.2U7S-03 

-.242E+02 

•  254E-f01 

.4666+01 

88 

•155E-03 

-.224E-03 

-.329E+02 

. 310E+01 

.5506+01 

89 

•177E-03 

-.944E-04 

.264E+02 

.324001 

.2596+01 

90 

■178E-03 

-.110E-03 

■220E+02 

.310E+01 

.2866+01 

91 

■179E-03 

-.12SE-03 

■172E+02 

. 301E+01 

.3146+01 

92 

•180E-03 

-.140E-03 

.120E+02 

.293001 

.3406+01 

93 

•181E-03 

-.155E-03 

■637E+01 

•287E+01 

.3666+01 

94 

•1S2E-03 

-.173E-03 

-.512E+00 

. 283E+01 

. 396E+01 

95 

•183E-03 

-.186E-03 

-.614E+01 

•281E+01 

.4186+01 

96 

. 184E-03 

-.202E-03 

-.130E+02 

•281E+01 

. 445&+01 

97 

■185E-03 

-.217E-03 

-.204E+Q2 

.284E+01 

.4746+01 

98 

.185E-03 

-.233E-03 

-.282E+02 

•294E+01 

.5086+01 

99 

.185E-03 

-.249E-03 

-.372E+02 

. 356E+01 

.5936+01 

100 

. 209E-03 

-.126E-03 

. 268E+02 

.  338E+01 

.3326+01 

101 

.210E-03 

-.141E-03 

■216E+02 

. 323E+01 

.3546+01 

102 

•210E-03 

-.156E-03 

. 160E+02 

.316001 

.3746+01 

103 

■211E-03 

-.170E-03 

. 102E+02 

■311E+01 

.3956+01 

104 

.212E-03 

-.185E-03 

•401E+01 

. 309E+01 

.4166+01 

105 

.213E-03 

-.203E-03 

-.424E+01 

.308001 

.4446+01 

106 

•213E-03 

-.214E-03 

-.931E+01 

.  309E+01 

.4606+01 

107 

.214E-03 

-.229E-03 

- .165E+02 

.312001 

.4846+01 

108 

•214E-03 

-.244E-03 

-.241002 

.318001 

.5116+01 

109 

. 215E-03 

-.259E-03 

-.322E+02 

.  328E+01 

.5436+01 

110 

•215E-03 

-.274E-03 

-.413E+02 

.386001 

.6296+01 

111 

•240E-03 

-.157E-03 

■253E+02 

.340E+01 

.3816+01 

112 

.240E-03 

-.172E-03 

.196002 

•330E+01 

.4026+01 

113 

.241E-03 

-.186E-03 

. 136E+02 

.329001 

.4176+01 

114 

.241E-03 

-.199E-03 

•747E+01 

.329001 

.4356+01 

115 

■242E-03 

-.213E-03 

■103E+01 

.  330E+01 

.4556+01 

116 

.243E-03 

-.231E-03 

-.754E+01 

. 332E+01 

.4806+01 

117 

•243E-03 

-.241E-03 

-.127002 

.335E+01 

.4966+01 

118 

•244E-03 

-.256E-03 

-.201E.02 

.339E+01 

.5216+01 

119 

•244E-03 

-.270E-03 

-.279002 

. 346E+01 

.5516+01 

120 

. 244E-03 

-.284E-03 

-.362002 

.356001 

.5946+01 

121 

.244E-03 

-.299E-03 

-.465002 

,395E:01 

.7686+01 

Table  3.-  Continued 


(c)  Mode  3,  f3-  66.9416  Hx 


Joint 

X 

y 

2 

dz/dx 

d2/dy 

l 

.9328-07 

.1008-05 

.2328+00 

-.1908-01 

.6928-01 

2 

.1238-06 

.6508-06 

.9418-01 

-.1288-01 

.5198-01 

3 

0.  » 

0.  * 

0.  » 

0.  • 

0. 

4 

0.  * 

0.  * 

0.  * 

0.  + 

0. 

5 

0.  ♦ 

0.  * 

0.  * 

0.  * 

0. 

6 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

7 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

8 

0.  » 

0.  * 

0.  * 

0.  * 

0. 

9 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

10 

-.6338-06 

-.1398-05 

-.6448+00 

-.8518+00 

.4728+00 

11 

-.6278-06 

-.2268-05 

-.2608+01 

-.8928+00 

.1148+01 

12 

.6028-06 

.5318-06 

-.6628-01 

-.5608-01 

.4558-01 

13 

.5238-06 

.1808-06 

-.1738+00 

-.8868-01 

.3308-01 

14 

.4188-06 

.9518-07 

-.2728+00 

-.1508+00 

.3968-01 

15 

.3518-06 

-.6918-08 

-.4038+00 

-.2228+00 

.5698-01 

16 

.3408-06 

-.1128-06 

-.5898+0" 

-.3178+00 

.7988-01 

17 

.3528-06 

-.2418-06 

-.8348+00 

-.4398+00 

.1108+00 

18 

.3928-06 

-.4518-06 

-.1258+01 

-.6318+00 

.174E+00 

19 

.4838-06 

-.7428-06 

-.1918+01 

-.3678+00 

.3238+00 

20 

.5758-06 

-.1468-05 

-.3318+01 

-.9128+00 

.7258+00 

21 

.5768-01. 

-.2358-05 

-.5698+01 

-.1018+01 

.1398+01 

22 

.4158-06 

-.3248-05 

-.9778+01 

-.7618+00 

.2298+01 

23 

.9438-06 

.2748-06 

-.6758+00 

-.1738+00 

.1158+00 

24 

.8998-06 

.1728-06 

-.9668+00 

-.2288+00 

.1468+00 

25 

.8938-06 

-.1108-07 

-.1348+01 

-.2948+00 

.1938+00 

26 

.9058-06 

-.2398-06 

-.1848+01 

-.3768+00 

.2588+00 

27 

.9468-06 

-.5138-06 

-.2518+01 

-.4728+00 

. 3548+00 

28 

.1028-05 

-.8468-06 

-.3428+01 

-.5868+00 

.4948+00 

29 

.1148-05 

-.1278-05 

-.4718+01 

-.7018+00 

.7108+00 

30 

.1288-05 

-.1868-05 

-.6578+01 

-.7718+00 

.1068+01 

31 

.1358-05 

-.2568-05 

-.9218+01 

-.7868+00 

.1468+01 

32 

.1338-05 

-.3338-05 

-.1288+02 

-.7198+00 

.1988+01 

33 

.1318-05 

-.4158-05 

-.1858+02 

-.303E-01 

.3188+01 

34 

.1528-05 

.1778-06 

-.1938+01 

-.2388+00 

.2388+00 

35 

.1598-05 

-.7948-07 

-.2488+01 

-.2598+00 

.3068+00 

36 

.1658-05 

-.4058-06 

-.3218+01 

-.2848+00 

.3996+00 

37 

.1738-05 

-.7858-06 

-.4148+01 

-.3118+00 

.5238+00 

38 

.1828-05 

-.1228-05 

-.5368+01 

-.3358+00 

.6898+00 

39 

.1958-05 

-.1748-05 

-.7038+01 

-.3458+00 

.9198+00 

40 

.2068-05 

-.2308-05 

-.9048+01 

-.3238+00 

.1198+01 

41 

.2168-05 

-.2948-05 

-.1178+02 

-.2518+00 

.1548+01 

42 

.2228-05 

-.3658-05 

-.1528+02 

-.1058+00 

.1948+01 

43 

.2258-05 

-.4428-05 

-.1958+02 

.1628+00 

.2448+01 

44 

.2258-05 

-.5238-05 

-.2608+02 

.1278+01 

.3768+01 

45 

.2518-05 

-.2308-06 

-.3498+01 

-.1168+00 

.3518+00 

46 

.2598-05 

-.6348-06 

-.4278+01 

-.7018-01 

.4608+00 

47 

.2688-05 

-.1108-05 

-.5288+01 

-.2318-01 

.5928+00 

48 

.2788-05 

-.1618-05 

-.6578+01 

.3338-01 

.7568+00 

49 

.2898-05 

-.2168-05 

-.8198+01 

.1098+00 

.9558+00 

SO 

.3018-05 

-.2778-05 

-.1038+02 

.2178+00 

.1208+01 

51 

.3118-05 

-.3388-05 

-.1278+02 

.3598+00 

.1468+01 

52 

.3198-05 

-.4078-05 

-.1578+02 

.5668+00 

.1758+01 

53 

.3258-05 

-.4818-05 

-.1938+02 

.85CB+00 

.2086+01 

54 

.3298-05 

-.5598-05 

-.2378+02 

.1278+01 

.2488+01 

55 

.3308-05 

-.6408-05 

-.2998+02 

.2656+01 

.3748+01 

56 

.3738-05 

-.9328-05 

-.4578+01 

.2638+00 

.4236+00 

57 

.3818-05 

-.1468-05 

-.5466+01 

.3828+00  , 

.5598+00 

58 

.3898-05 

-.2038-05 

-.6608+01 

.5068+00 

.7068+00 

59 

.3998-05 

-.2628-05 

-.8038+01 

.6468+00 

.8758+00 

60 

.4098-05 

-.3248-05 

-.9788+01 

.8128+00 

.1068+01 

61 

.4198-05 

-.3948-05 

-.1218+02 

.1038+01 

.1288+01 

II 


Table  3.-  Continued 
(c)  Concluded 


Joint 

X 

y 

Z 

dz/dx 

dz/dy 

<2 

•  4278-05 

-.4561'  05 

-.1431+02 

.1751+01 

.1461+01 

63 

.4351-05 

-.5271-05 

-.1711+02 

.1541+01 

.1671+01 

64 

.4411-05 

-.6011-05 

-.2041+02 

.1901+01 

.1891+01 

65 

.4441-05 

-.6791-05 

-.2401+02 

.2391+01 

.2141+01 

66 

.4461-05 

-.7591-05 

-.2911+02 

.3791+01 

.3141+01 

67 

.5081-05 

-.1891-05 

-.4211+01 

.8931+00 

.4271+00 

66 

.5151-05 

-.2501-05 

-.5051+01 

.1071+01 

.5651+00 

69 

.5211-05 

-.3131-05 

-.6131+01 

.1251+01 

.7001+00 

70 

.5291-05 

-.3771-05 

-.7451+01 

.1441+01 

.8421+00 

71 

.5381-05 

-.4421-05 

-.9021+01 

.1661+01 

.9841+00 

72 

.5471-05 

-.5191-05 

-.1111+02 

.1941+01 

.1141+01 

73 

.5531-05 

-.5791-05 

-.1281+02 

.2181+01 

.1241+01 

74 

.5601-05 

-.6501-05 

-.1501+02 

.2491+01 

.1341+01 

75 

.5651-05 

-.7241-05 

-.1741+02 

.2861+01 

.1421+01 

76 

.5681-05 

-.8001-05 

-.1991+02 

.3321+01 

.1501+01 

77 

.5701-05 

-.8771-05 

-.2331+02 

.4491+01 

.2111+01 

78 

.6501-05 

-.3031-05 

-.1521+01 

.1701+01 

.3601+00 

79 

.6541-05 

-.3681-05 

-.2181+01 

.1891+01 

.4761:00 

80 

.6601-05 

-.4341-05 

-.3031+01 

.2086+01 

.5811+00 

81 

.6661-05 

-.5011-05 

-.4051+01 

.2281+01 

.6781+00 

82 

.6731-05 

-.5681-05 

-.5211+01 

.2491+01 

.7581+00 

83 

.6801-05 

-.6451-05 

-.6651+01 

.2761+01 

.8181+00 

84 

.6851-05 

-.7041-05 

-.7811+01 

.2976+01 

.8361+00 

85 

.6901-05 

-.7741-05 

-.9151+01 

.3241+01 

.8261+00 

86 

.6941-05 

-.8461-05 

-.1051+02 

.3541+01 

.7781+00 

07 

.6961-05 

-.9181-05 

-.1171+02 

.3891+01 

.6971+00 

SB 

.6981-05 

-.9921-05 

-.1311+02 

.4631+01 

.8481+00 

89 

.7921-35 

-.4301-05 

.3981+01 

•253C+01 

.2581+00 

90 

.7961-05 

-.4971-05 

.3541+01 

.2681+01 

.3381+00 

91 

.7991-05 

-.5641-05 

.2981+01 

.2831+01 

.4011+00 

92 

.8041-05 

-.6301-05 

.2351+01 

.2991+01 

.4421+00 

93 

.8091-05 

-.6961-05 

.1681+01 

.3151+01 

.4551+00 

94 

.8141-05 

-.7701-05 

.9261+00 

.3341+01 

.4261+00 

95 

.8171-05 

-.8281-05 

.4131+00 

.3481+01 

.3691+00 

96 

.8211-05 

-.8951-05 

-.5811-01 

.3661+01 

.2691+00 

97 

.8231-05 

-.9631-05 

-.3291+00 

.3831+01 

.1151+00 

98 

.8251-05 

-.1031-04 

-.3051+00 

.4011+01 

-.1016+00 

99 

.8261-05 

-.1101-04 

.1221+00 

.4211+01 

-.4061+00 

100 

.9331-05 

-.5661-05 

.1211+02 

.3221+01 

.1741+00 

101 

.9341-05 

-.6311-d5 

.1181+02 

.3261+01 

.2101+00 

102 

.9371-05 

-.6951-05 

.1151+02 

.3341+01 

.2231+00 

103 

.9391-05 

-.7591-05 

.1121+02 

.3426+01 

.2051+00 

104 

.9421-05 

-.8221-05 

.1101+02 

.3501+01 

.1531+00 

105 

.9461-05 

-.9021-05 

.1081+02 

.3591+01 

.3491-01 

106 

.9481-05 

-.9491-05 

.1091+02 

.3641+01 

-.5861-01 

107 

.9501-05 

-.1011-04 

.1111+02 

.3701+01 

-.2436+00 

108 

.9521-05 

-.1081-04 

.  1171+02 

.3751+01 

-.4811+00 

109 

.9531-05 

-.1141-04 

.1271+02 

.3786+01 

-.801E+00 

110 

.9531-05 

-.1211-04 

.1471+02 

.3571+01 

-.1501+01 

111 

.1071-04 

-.7031-05 

.2181+02 

.3551+01 

.7916-01 

112 

.1071-04 

-.7641-05 

.2161+02 

.3491+01 

.1131+00 

113 

.1071-04 

-.8251-05 

.2151+02 

.3491+01 

.7701-01 

114 

.1071-04 

-.8851-05 

.2141+02 

.3496+01 

-.7481-03 

115 

.1071-04 

-.9451-05 

.2161+02 

.3506+01 

-.1121+00 

116 

.1071-04 

-.1021-04 

.2201+02 

.3511+01 

-.3101+00 

117 

.1081-04 

-.1071-04 

.2246+02 

.3501+01 

-.4581+00 

118 

.1081-04 

-.1131-04 

.2331+02 

.3491+01 

-.7181+00 

119 

.1081-04 

-.1191-04 

.2461+02 

.3471+01 

-.1061+01 

120 

.1081-04 

-.1251-04 

.2666+02 

.3411+01  ' 

-.1606+01 

121 

.1081-04 

-.1311-04 

.3101+02 

.3041+01 

-.3836+01 

12 


Tabla  3.-  Continued 
(d)  Mod*  4,  f4  •  122.2356  Ha 


Joint 

X 

y 

2 

dz/dx 

dzAfy 

l 

-.3328-05 

-.3518-04 

-.1408+01 

.2858+00 

-.4738+00 

2 

-.4368-05 

-.2288-04 

-.5898+00 

.2438+00 

-.3538+00 

3 

0.  » 

n,  * 

0.  » 

0.  * 

0. 

4 

0.  « 

i.  « 

0.  * 

0.  * 

0. 

5 

0.  * 

o.  « 

0.  » 

0.  * 

0. 

< 

0.  * 

o.  * 

0.  * 

0.  * 

0. 

7 

0.  * 

0.  ‘ 

0.  * 

0.  * 

0. 

8 

0.  * 

0.  * 

0.  » 

0.  * 

0. 

9 

0.  • 

0.  • 

0.  * 

0.  * 

0. 

10 

.2348-04 

.4688-04 

-.1928+01 

-.1688+00 

.1248+01 

11 

.2378-04 

.7978-04 

-.7968+01 

.1188+01 

.2928+01 

12 

-.2118-04 

-.1878-04 

.9788+00 

.6848+00 

-.3108+00 

13 

-.1838-04 

-.6448-05 

.1438+01 

.8288+00 

-.2078+00 

14 

-.1468-04 

-.3578-05 

.1668+01 

.1028+01 

-.6518-01 

15 

-.1218-04 

-.8138-07 

.1728+01 

.1088+01 

.7208-02 

16 

-.1168-04 

.3548-05 

.1628+01 

.1048+01 

.9528-01 

17 

-.1198-04 

.8028-05 

.1348+01 

.9148+00 

.2038+00 

18 

-.1318-04 

.1548-04 

.7508+00 

.6428+00 

.3448+00 

19 

-.1608-04 

.2568*04 

-.2538+00 

.2838+00 

.6138+00 

20 

-.1888-04 

.5078-04 

-.2508+01 

.2378+00 

.1348+01 

21 

-.1868-04 

.8258-04 

-.6718+01 

. 3868+00 

.2448+01 

22 

-.1278-04 

.1148-03 

-.1598+02 

.2318+01 

.5308+01 

23 

-.3298-04 

-.9928-05 

.5578+01 

.1756+01 

-.3778+00 

24 

-.3138-04 

-.6578-05 

.6068+01 

.1838+31 

-.1948+00 

25 

-.3108-04 

-.3478-06 

.6178+01 

.1878+01 

.4758-01 

26 

-.3128-04 

.7528-05 

.5808+01 

.1826+01 

.2968+00 

27 

-.3258-04 

.1718-04 

.4938+01 

.1668+01 

.5548+00 

28 

-.3488-04 

.2888-04 

.3538+01 

.1448+01 

.8468+00 

29 

-.3878-04 

.4388-04 

.1478+01 

.1196+01 

.1218+01 

30 

-.4338-04 

.6478-04 

-.1498+01 

.1038+01 

.1768+01 

31 

-.4558-04 

.8998-04 

-.5718+01 

.1058+01 

.2438+01 

32 

-.4498-04 

.1188-03 

-.1168+02 

.1428+01 

.3348+01 

33 

-.4398-04 

.1478-03 

-.2298+02 

.4288+01 

.6608+01 

34 

-.5308-04 

-.7108-05 

.1318+02 

.2768+01 

.3868-01 

35 

-.5548-04 

.1628-05 

.1278+02 

.2568+01 

.3158+00 

36 

-.5748-04 

.1298-04 

.1178+02 

.2418+01 

.6808+00 

37 

-.5998-04 

.2628-04 

.1018+02 

.2198+01 

.1028+01 

38 

-.6318-04 

.4168-04 

.7778+01 

.1958+01 

.1368+01 

39 

-.6728-04 

.6028-04 

.4708+01 

.1718+01 

.1718+01 

40 

-.7128-04 

.8018-04 

.1228+01 

.1566+01 

.2078+01 

41 

-.7448-04 

.1038-03 

-.3168+01 

.1548+01 

.2498+01 

42 

-.7638-04 

.1298-03 

-.8428+01 

.1758+01 

2958+01 

43 

-.7718-04 

.1578-03 

-.1488+02 

.2356+01 

.3608+01 

44 

-.7708-04 

.1878-03 

-.2608+02 

.5768+01 

.6678+01 

45 

-.8788-04 

.6488-05 

.2078+02 

.3258+01 

.1068+01 

46 

-.9078-04 

.2058-04 

.1858+02 

.2758+01 

.1328+01 

47 

-.9378-04 

.3698-04 

.1578+02 

.2436+01 

.1668+01 

48 

-.9728-04 

.S50K-04 

.1248+02 

.2118+01 

.1958+31 

49 

-.1018-03 

.7478-04 

.6548+01 

.1846+01 

.2186+01 

50 

-.1058-03 

.9698-04 

.4198+01 

.1668+01 

.2388+01 

51 

-.1098-03 

.1198-03 

-.1708+00 

.1618+01 

.2538+01 

52 

-.1118-03 

.1448-03 

-.4948+01 

.1738+01 

.2658+01 

53 

-.1148-03 

.1718-03 

-.9948+01 

.2088+01 

.2758+01 

54 

-.1158-03 

.2008-03 

-.1538+02 

.2828+01 

.2938+01 

55 

-.1158-03 

.2308-03 

-.2388+02 

•614E<01 

.  S07E+01 

56 

-.1318-03 

.3078-04 

.2488+02 

.292): +01 

.2388+01 

57 

-.1348-03 

.4958-04 

.2048+02 

.2258+01 

.2478+01 

58 

-.1378-03 

.6988-04 

.1598+02 

.1858+01 

.i61B+01 

59 

-.1418-03 

.9128-04 

.1128+02 

.1548+01 

.2666+01 

60 

-.1448-03 

.1148-03 

.6528+01 

.1328+01 

.2638+01 

61 

-.1488-03 

.1398-03 

.1608+01 

.1248+01 

.2518+01 

Ttbli  }.•  Continued 
(d)  Concluded 


Joint 

X 

y 

Z 

(fettt 

dzAJy 

u 

-.1516-03 

.1628-03 

-.2308*01 

.1308*01 

.23)8*01 

(3 

-.1548-03 

.1898-0) 

-.6164*01 

.16)8*01 

.2078*01 

<4 

-.1568-03 

.2168-0) 

-.9478*01 

.1978*01 

.1728*01 

63 

-.1578-03 

.2458-03 

-.1218*02 

.27)8*01 

.1318*01 

66 

-.1588-03 

.2758-0) 

-.1568*02 

.5218*01 

.1938*01 

67 

-.1818-03 

.6448-04 

.2258*02 

.1748*01 

.3458*01 

66 

-.1638-03 

.8658-04 

.1678*02 

.1098*01 

.3248*01 

69 

-.1868-03 

.1098-03 

.11)8*02 

.7498*00 

.3048*01 

70 

-.1898-03 

.l))8-03 

.6418*01 

.5338*00 

.2758*01 

71 

-.1928-03 

.1578-03 

.2078*01 

.4428*00 

.2378*01 

73 

-.1958-03 

.1868-03 

-.1978*01 

.4968*00 

.1638*01 

73 

-.1988-03 

.2088-03 

-.4258*01 

.6548*00 

.1358*01 

74 

-.2008-03 

.23SP-03 

-.5878*01 

.9568*00 

.6668*00 

7* 

-.2028-03 

.2628-03 

-.6198*01 

.1408*01 

-.1558*00 

n 

-.2038-03 

.2918-03 

-.4918*01 

.1998*01 

-.1168*01 

77 

-.2048-03 

.3208-03 

-.1628*01 

.2948*01 

-.2518*01 

76 

-.2338-03 

.1068-03 

.1)38*02 

-.6138-01 

.3668*01 

79 

-.2358-03 

.1308-03 

.7638*01 

-.4778*00 

.3158*01 

80 

-.2378-03 

.1548-03 

.2908*01 

-.6548*00 

.2608*01 

61 

-.2408-03 

.1798-03 

-.6268*00 

-.6998*00 

.1978*01 

82 

-.2428-03 

.2048-03 

-.3448*01 

-.6368*00 

.1278*01 

83 

-.2458-03 

.2338-03 

-.4908*01 

-.4558*00 

.3768*00 

84 

-.2478-03 

.2558-03 

-.4608*01 

-.2638*00 

-.4018*00 

85 

-.2491-03 

.2828-03 

-.3178*01 

.1968-01 

-.1438*01 

86 

-.2518-03 

.3098-03 

.3698*00 

.3258*00 

-.2668*01 

87 

-.2528-03 

.3368-03 

.6328*01 

.5698*00 

-.4268*01 

88 

-.2528-03 

.3648-03 

.1718*02 

-.5328*00 

-.7768*01 

69 

-.2876-03 

.1538-03 

-.7218*00 

-.2028*01 

.2768*01 

90 

-.2888-03 

.1788-03 

-.4528*01 

-.2078*01 

.1998*01 

91 

-.2908-03 

.2038-03 

-.7068*01 

-.2038*01 

.1198*01 

92 

-.2928-03 

.2278-03 

-.6268*01 

-.1918*01 

.3518*00 

93 

-.2948-03 

.2528-03 

-.8078*01 

-.1758*01 

-.5468*00 

94 

-.296U-03 

.2808-03 

-.6018*01 

-.1568+01 

-.1688*01 

95 

-.2978-03 

.3028-03 

-.2978*01 

-.1418*01 

-.2648*01 

96 

-.2998-03 

.3288-03 

.2348*01 

-.1268*01 

-.3918*01 

97 

-.3008-03 

.3548-03 

.9958*01 

-.1248*01 

-.5478*01 

96 

-.3008-03 

.3808-03 

.2068*02 

-.1478*01 

-.7568*01 

99 

-.3018-03 

.4068-03 

.3658*02 

-.4638*01 

-.1328*02 

100 

-.3408-03 

.2048-03 

-.1548*02 

-.3608*01 

.6148*00 

101 

-.3418-03 

.2288-03 

-.1608*02 

-.3258*01 

.4358-02 

102 

-.3428-03 

.2528-03 

-.1548*02 

-.3068*01 

-.8048*00 

103 

-.3438-03 

.2768-03 

-.1368*02 

-.2928*01 

-.1698*01 

104 

-.3448-03 

.3008-03 

-.1038*02 

-.2648*01 

-.2678*01 

105 

-.3468-03 

.3308-03 

-.3798*01 

-.2818*01 

-.4078*01 

106 

-.3478-03 

.3488-03 

.1338*01 

-.2838+01 

-.4998+Cl 

107 

-.3486-03 

.3728-03 

.1028*02 

-.2958*01 

-.6528*01 

108 

-.3488-03 

.3978-03 

.2178*02 

-.3198*01 

-.8438*01 

109 

-.3498-03 

.4218-03 

.3708*02 

-.3718+01 

-.1108*02 

110 

-.3498-03 

.4468-03 

.6198*02 

-.6048*01 

-.1858*02 

111 

-.3918-03 

.2558-03 

-.2618*02 

-.4238*01 

-.1158+01 

112 

-.3918-03 

.2796-03 

-.2378*02 

-.3848*01 

-.1978+01 

113 

-.3918-03 

.3018-03 

-.2048*02 

-.3668*01 

-.2698*01 

114 

-.3928-03 

.3248-03 

-.1598*02 

-.3928*01 

-.3638*01 

115 

-.3938-03 

.3478-03 

-.9858*01 

-.4028+01 

-.4708*01 

116 

-.3958-03 

.3768-03 

.2408*00 

-.4238+01 

-.6308*01 

117 

-.3958-03 

.3938-03 

.7578*01 

-.4458*01 

-.7458*01 

118 

-.3961-03 

.4168-03 

.1998*02 

-.4668*01 

-.9416*01 

119 

-.3978-03 

.4)98-03 

.3578*02 

-.5508*01 

-.1216*02 

120 

-.3978-03 

.4628-03 

.5728*02 

-.6668*01 

-.1668*02 

121 

-.3988-03 

.4668-03 

.1048*03 

-.1148*02 

-.4008*02 

14 


Tobl*  J.«  Continued 
(•)  Mod*  5,  «s  -  180.5292  Ht 


Joint 

X 

l 

-.1651-04 

2 

-.2171-04 

3 

0.  * 

4 

0.  • 

5 

0.  * 

6 

0.  * 

7 

0.  . 

0 

0.  * 

9 

0.  * 

10 

.1151-03 

11 

.1161-03 

12 

-.1051-03 

13 

-.9141-04 

14 

-.7201-04 

IS 

-.6071-04 

16 

-.5041-04 

17 

-.5991-04 

10 

-.6621-04 

19 

-.0121-04 

20 

-.9591-04 

21 

-.9531-04 

22 

-.6501-04 

23 

-.1641-03 

24 

-.1571-03 

25 

-.1551-03 

26 

-.1571-03 

27 

-.1631-03 

20 

-.1751-03 

29 

-.1951-03 

30 

-.2101-03 

31 

-.2301-03 

32 

-.2271-03 

33 

-.222i-03 

34 

-.2651-03 

35 

-.2771-03 

36 

-.2071-03 

37 

-.3001-03 

30 

-.3161-03 

39 

-.3371-03 

40 

-.3571-03 

41 

-.3741-03 

42 

-.3031-03 

43 

-.3071-03 

44  -.3671-03 

45  -.4398-03 

46  -.4531-03 

47  -.4691-03 

40  -.4061-03 

49  -.5051-03 

50  -.5260-03 

51  -.5431-03 

52  -.5571-03 

53  -.5601-03 

54  -.5741-03 

55  -.5761-03 

56  -.6551-03 

57  -.6701-03 
SO  -.6051-03 

59  -.7021-03 

60  -.7201-03 

61  -.7381-03 


y  * 


-.1761-03  -.9611-01 

-.1141-01  -.3211-01 

0.  *  0. 

0.  *  0. 

0.  *  0. 

0.  »  0. 

0.  *  0. 

0.  *  0. 

0.  *  0. 

.2431-03  .4311+01 

.3901-03  .2351+02 

-.9331-04  -.5261-01 

-.3201-04  -.1011-03 

-.1751-04  .7901-01 

.3001-07  .2351+00 

.1021-04  .5111+00 

.4061-04  .9411+00 

.7741-04  .1791+01 

.1201-03  .3431+01 

.2541-03  .7901+01 

.4121-03  .1701+02 

.5691-03  .4701+02 

-.4911-04  -.9021-01 

-.3211-04  .1231+00 

-.7451-06  .5171+00 


.3071-04 

.1101+01 

.0651-04 

.2210+01 

.1450-03 

.3020+01 

.220C-03 

.6391+01 

.3240-03 

.1060+02 

.4490-03 

.1771+02 

.5060-03 

.2941+02 

.7330-03 

.6170+02 

-.3430-04 

-.2560+00 

.9601-05 

.2011+00 

.6613-04 

.1131+01 

.1330-03 

.2300+01 

.2091-03 

.4151+01 

.3021-03 

.6721+01 

.4000-03 

.9901+01 

.5150-03 

.1461+02 

.6431-03 

.2001+02 

.7621-03 

.2931+02 

.9291-03 

.5151+02 

.3450-04 

-.9300+00 

.1050-03 

-.3690-01 

.1070-03 

.1160+01 

.276C-03 

.2691+01 

.3740-03 

.4561+01 

.4041-03 

.6031+01 

.5950-03 

.9171+01 

.7190-03 

.1171+02 

.0520-03 

.1391+02 

.9940-03 

.1551+02 

.1140-02 

.1071+02 

.1560-03 

-.2391+01 

.2491-03 

-.1251+01 

.3510-03 

-.2441-01 

.4560-03 

.1211+01 

.5601-03 

.2321+01 

.6940-03 

.3131+01 

dz/itx 

(kty 

-.1411-01 

-.2401-01 

-.1511-01 

-.9691-02 

0.  + 

0. 

0.  * 

0. 

0.  * 

0. 

0.  * 

0. 

0.  » 

0. 

0.  • 

0. 

0.  • 

.9961+00 

-.2761+01 

-.5471+01 

-.9031+01 

-.2901-01 

-.3191-02 

-.1901-01 

-.3931-02 

.1991-01 

-.3241-01 

.9371-01 

-  7171-01 

.2221+00 

-.1. 791+00 

.4161+00 

-.2131+00 

.7601+00 

-.4111+00 

.1221+01 

-.9621+00 

.7061+00 

-.2721+01 

-.4241+00 

-.5901+01 

-.1051+02 

-.1021+02 

-.9411-01 

-.5171-01 

-.7491-01 

-.1221+00 

-.4011-01 

-.2301+00 

.2361-01 

-.3011+00 

.1001+00 

-.6041+00 

.1601+00 

-.9541+00 

.1731+00 

-.1561+01 

-.1961+00 

-.2691+01 

-.  1211+01 

- .4251+01 

-.3641+01 

-.6901+01 

-.1771+02 

-.2031+02 

-.3161+00 

-.2011+00 

-.3321+00 

-.3431+00 

-.3631+00 

-.5311+00 

-.4071+00 

-.7701+00 

-.5061+00 

—  106C+01 

-.7501+00 

-.1531+01 

-.1211+01 

-.2101+01 

-.2091+01 

-.2021+01 

-.3631+01  -.3691+01 
-.6501+01  -.5001+01 
-.1941+02  -.1371+02 
-.7461+00  -.4131+00 
-.7951+00  -.5021+00 
-.6921+00  -.7641+00 
-.1041+01  -.9571+00 
-.1301+01  -.1161+01 
-.1741+01  -.1341+01 
-.2371+01  -.1451+01 
-.3311+01  -.1431+01 
-.4651+01  -.1171+01 
-.6671+01  -.5601+00 
-.1301+02  -.1131+01 
-.1201+01  -.6321+00 
-.1211+01  -.7121+00 
-.1301+01  '  -.7561+00 
-.1461+01  -.7401+00 
-.1701+01  -.6311+00 
-.2071+01  -.3521+00 


f 

I 


IS 


Table  3.-  Continued 
(a)  Concluded 


Joint 

X 

y 

Z 

dztix 

dzAfy 

u 

-.7538-01 

.6078-03 

.3228+01 

-.2478+01 

.7168-01 

63 

-.7668-03 

.9378-03 

.2268+01 

-.2968+01 

.8488+00 

64 

-.7778-03 

.1078-02 

-.4988+00 

-.3438+01 

.2108+01 

6S 

-.7638-03 

.1228-02 

-.6308+01 

-.3658+01 

.4238+01 

66 

-.7878-03 

.1368-02 

-.2108+02 

-.1218+01 

.1128+02 

67 

-.8998-03 

.3248-03 

-.4188+01 

-.1288+01 

-.7568+00 

66 

-.9118-03 

.4318-03 

-.3028+01 

-.1178+01 

-.6328+00 

69 

-.9248-03 

.5478-03 

-.2168+01 

-.1148+01 

-.4508+00 

70 

-.9388-03 

.6638-03 

-.1718+01 

-.116C.51 

-.1578+00 

71 

-.9548-03 

.7828-03 

-.1688+01 

-.1168+01 

.2718+00 

73 

-.9718-03 

.9238-03 

-.3168+01 

-.1208+01 

798+00 

73 

-.9828-03 

.1038-02 

-.5178+01 

-.1138+01 

.1698+01 

74 

-.9958-03 

.1168-02 

-.9078+01 

-.8888+00 

.2838+01 

75 

-.1008-02 

.1308-02 

-.1538+02 

-.2528+00 

.4418+01 

76 

-.1018-02 

.1448-02 

-.2518+02 

.1328+01 

.6898+01 

77 

-.1018-02 

.1588-02 

-.4818+02 

.1928+02 

.1738+02 

76 

-.1168-02 

.5398-03 

-.4868+01 

-.6218+00 

-.6948+00 

79 

-.1178-02 

.6478-03 

-.3968+01 

-.3598+00 

-.3528+00 

60 

-.1188-02 

.7688-03 

-.3698+01 

-.1578+00 

.2688-01 

61 

-.1198-02 

.8898-03 

-.4128+01 

.4788-01 

.501F+00 

82 

-.1208-02 

.1018-02 

-.5398+01 

.3048+00 

.1078+01 

83 

-.1218-02 

.1158-02 

-.8028+01 

.7158+00 

.1848+01 

84 

-.1228-02 

.1268-02 

-.1108+02 

.1228+01 

.2498+01 

65 

-.1238-02 

.1398-02 

-.1578+02 

.2088+01 

.3398+01 

66 

-.1248-02 

.1528-02 

-.2208+02 

.3468+01 

.4448+01 

87 

-.1258-02 

.1668-02 

-.3048+02 

.5898+01 

.5938+01 

86 

-.1258-02 

.1808-02 

-.4898+02 

.1588+02 

.1408+02 

89 

-.1428-02 

.7608-03 

-.2548+01 

.8488+00 

-.4308+00 

90 

-.1438-02 

.8828-03 

-.2128+01 

.1168+01 

.1328-01 

91 

-.1438-02 

.1018-02 

-.2368+01 

.1471+01 

.4328+00 

92 

-.1448-02 

.1138-02 

-.3318+01 

.1818+01 

.8678+00 

93 

-.1458-02 

.1258-02 

-.4888+01 

.2238+01 

.1298+01 

94 

-.1468-02 

.1398-02 

-.7378+01 

.2868+01 

.1728+01 

95 

-.1478-02 

.1498-02 

-.9668+01 

.3508+01 

.1928+01 

96 

-.1488-02 

.1628-02 

-.1268+02 

.4508+01 

.2088+01 

97 

-.1488-02 

.1748-02 

-.1548+02 

.5858+01 

.1978+01 

98 

-.1488-02 

.1878-02 

-.1788+02 

.7798+01 

.1558+01 

99 

-.1498-02 

.2008-02 

-.2198+02 

.1308+02 

.3148+01 

100 

-.1688-02 

.1018-02 

.3898+01 

.2668+01 

-.2828-01 

101 

-.1688-02 

.1138-02 

.3758+01 

.2808+01 

.3068+00 

102 

-.1698-02 

.1258-02 

.3238+01 

.3038+01 

.5588+00 

103 

-.1698-02 

.1378-02 

.2228+01 

.3318+01 

.7268+00 

104 

-.1708-02 

.1488-02 

.1478+01 

.3648+01 

.7598+00 

105 

-.1718-02 

.1638-02 

.4908+00 

.4158+01 

.5228+00 

106 

-.1718-02 

.1728-02 

•3178+00 

.4488+01 

.1648+00 

107 

-.1728-02 

.1848-02 

.1098+01 

.5018+01 

-.7638+00 

108 

-.1728-02 

.1968-02 

.3918+01 

.5638+01 

-.2358+01 

109 

-.1728-02 

.2088-02 

.1048+02 

.6458+01 

-.5048+01 

110 

-.1728-02 

.2208-02 

.2618+02 

.6168+01 

-.1178+02 

111 

-.1938-02 

.1268-02 

.1348+02 

.3848+01 

.1708+00 

112 

-.1938-02 

.1388-02 

.1298+02 

.3668+01 

.3548+00 

113 

-.1938-02 

.1498-02 

.1258+02 

.3688+01 

.3438+00 

114 

-.1948-02 

.1608-02 

.1238+02 

.3728+01 

.1508+00 

115 

-.1948-02 

.1718-02 

.’<*9+02 

.l^S+Ol 

-.2838+00 

116 

-.1958-02 

.1658-02 

8+02 

.3708+01 

-.1398+01 

117 

-.1958-02 

.1938-02 

.1658+02 

.3588+01 

-.2448+01 

na 

-.1958-02 

.2058-02 

.2208+02 

.3288+01 

-.4728+01 

119 

-.1968-02 

.2168-02 

.3218+02 

.2618+01 

-.8668+01 

120 

-.1968-02 

.2288-02 

.5198+02 

.6488+03 

-.1708+02 

121 

-.1968-02 

.2398-02 

.1248+03 

-.7508+01 

-.6658+02 

16 


Table  J .  -  Continued 
(f)  Made  6,  f(  -  116.4147  K* 


joint 

X 

y 

2 

dzAtt 

l 

.1246400 

.1126401 

-.261*400 

.46 41-01 

-.101*400 

2 

.164*400 

.659*400 

-.!00*-01 

.4156-01 

-.S76S-01 

1 

0.  * 

0.  • 

0.  » 

0.  » 

4 

0.  * 

0.  * 

0.  • 

0.  » 

6 

0.  • 

0.  * 

0.  ♦ 

0.  • 

6 

0.  * 

0.  * 

0.  * 

0.  * 

7 

0.  * 

0.  • 

0.  * 

0.  » 

6 

0.  • 

0.  • 

0.  * 

0.  » 

• 

0.  » 

0.  * 

0.  • 

0.  * 

10 

-.0666400 

-.1646401 

-.2S6C-01 

.5296-01 

.2116-01 

11 

-! 072*400 

-.300*401 

-.122*400 

.122*400 

.103*400 

12 

.705*400 

.704*400 

.100*400 

.124*400 

-.393K-01 

11 

.6*1  60 

.241*460 

.231*400 

.112*400 

-.2126-01 

14 

.5416400 

.112*400 

.246*400 

.150*400 

.170»-02 

IS 

.4506400 

-.9416-01 

.215*400 

.146*400 

.1216-01 

16 

.4426400 

-.116*400 

.212*400 

.111*400 

.ll!*-01 

17 

.451*400 

-.107*400 

.112*400 

.115*400 

.2116-01 

16 

.501*400 

-.565*400 

.146*400 

.925B-01 

.2216-01 

10 

.614*400 

-.969*400 

.121*400 

.7116-01 

.1606-01 

20 

.727*400 

-.191*401 

.119*400 

.561S-01 

.106K-02 

21 

.722*400 

-.111*401 

.159*400 

551*61 

-.2966-01 

22 

.501*400 

-.429*401 

.139*400 

107*400 

-.144*400 

21 

.124*401 

.170*400 

,166*400 

.277*400 

-.5441-02 

24 

.116*401 

.241*400 

.647*400 

.249*400 

.1361-01 

25 

.117*401 

.400C-02 

.794*460 

.210*400 

.4021-01 

26 

.116*401 

-.294*430 

.703*400 

.201*400 

.S74B-01 

27 

.121*401 

-.554*44.2 

.564*400 

.164*400 

•642*-01 

26 

.111*401 

-.110*401 

.467*400 

.127*400 

.6216-01 

20 

.146*401 

-.166*401 

.164*400 

.9051-01 

.5006-01 

10 

.165*401 

-.244*401 

.297*400 

.5661-01 

. 2706-01 

11 

.174*401 

-.316*401 

.291*400 

. 2211-01 

-.976B-02 

12 

.172*401 

-.442*401 

.406*400 

- .  1041-01 

-.9216-01 

11 

.166*401 

-.552*401 

.126*401 

-.416*400 

-.626*400 

14 

.200*401 

.256*439 

.171*401 

.150*400 

.115*400 

IS 

.209*401 

.  7566-01 

.147*401 

.264*400 

.114*400 

16 

.2178401 

-.502*400 

.124*401 

.209*400 

.131*400 

17 

.2261*01 

-.100*401 

.990*400 

.154*400 

.132*400 

16 

.*19*401 

-.156*401 

.750*400 

.102*400 

.121*400 

39 

.755*401 

-.226*401 

.534*400 

.547S-01 

.964B-01 

40 

.2706  Mil 

-.102*401 

.361*400 

.1616-01 

.7001-01 

41 

.262*401 

-.169*401 

.290*400 

-.2091-01 

.1166-01 

42 

.269*401 

-.465*401 

.264*400 

-.6516-01 

-.2156-01 

41 

.291*401 

-.569*461 

.425*400 

-.150*400 

-.115*400 

44 

.292*401 

-.700*401 

.132*401 

-.699*400 

-.646*400 

45 

.111*401 

-.264*400 

.206*401 

.277*400 

.270*400 

46 

.142*401 

-.7956400 

.159*401 

.149*400 

.211*400 

47 

.154*401 

-.141*401 

.117*401 

.6111-01 

.215*400 

46 

.267*401 

-.209*401 

.604*400 

.2631-01 

.165*400 

40 

. 161*401 

-.262*401 

.497*400 

-.1716-01 

.147*400 

so 

.197*461 

-.165*401 

.256*400 

- .  506*-01 

.101*400 

SI 

.409*401 

-.449*401 

.1126400 

-.7106-01 

. 6131-01 

S2 

.420*401 

-.542*461 

.403S-01 

-,«3*-01 

.1756-01 

51 

.426*401 

-.642*401 

.5161-01 

-.120*00 

-.2686-01 

54 

.4111.401 

-.749*401 

•157640c 

-.166*400 

-.7415-01 

SS 

.435*401 

-.661*401 

.5286400 

-.411*400 

-.212*400 

56 

.4946401 

-  .118*401 

.1516401 

.4661-01 

.350*400 

57 

.5056401 

-.109*401 

.927*490 

-.4966-01 

.27.6400 

56 

.516*401 

-.263*401 

.477*400 

-.9266-01 

.220*400 

50 

.529*401 

-.344*401 

.111*490 

-.117*400 

.161*400 

60 

.5436401 

-.426*401 

-.106*400 

-.126*400 

.104*400 

61 

.557*401 

-.524*401 

-.254*400 

-.126*400 

.466C-01 

Table  3 . -  Concluded 
( tj  Concluded 


>-l-» 

vOifn 

X 

y 

2 

dtAfe 

duty 

u 

.1888*01 

-.8008*01 

-.2998*00 

-.1218*00 

.8808-02 

<) 

.1788*81 

-.7088*01 

-.2788*00 

-.1118*00 

-.3118-01 

M 

.5888*01 

-.0008*01 

-.1098*00 

-.9088-01 

-.8098-01 

85 

.5918*01 

-.9158*01 

-.5158-01 

-.0978-01 

-.7598-01 

M 

.5938*01 

-.101£*02 

.1008*00 

-.6000-01 

-.3178-01 

•T 

.8788*01 

-.2458*01 

.1908*00 

-.2128*00 

.2878*00 

M 

.8078*01 

-.3271*01 

-.2018*00 

-.2258*00 

.1048*00 

69 

.8988*01 

-.4198*01 

-.5448*00 

-.2118*00 

.1098*00 

70 

.7078*01 

-.5008*01 

-.8028*00 

-.1928*00 

.4228-01 

71 

.7198*01 

-.1908*01 

-.7128*00 

-.1628*00 

-.1958-01 

72 

.7918*01 

-.4958*01 

-.8428*00 

-.1228*00 

-.8258-01 

71 

.7408*01 

-.7708*01 

-.5928*00 

-.9278-01 

-.9108-01 

74 

.7498*01 

-.0788*01 

-.3548*00 

-.8138-01 

-.1178*00 

75 

.7568*01 

-.9708*01 

-.1348*00 

-.3518-01 

-.1908*00 

7$ 

.7818*01 

-.1008*02 

.1348*00 

-.2228-01 

-.1848*00 

77 

.7848*01 

-.1198*02 

.6168*00 

-.1108*00 

-.3148*00 

70 

.0728*01 

-.9998*01 

-.1358*01 

-.3478*00 

.2008-01 

7* 

.0788*01 

-.4008101 

-.1388*01 

-.2888*00 

-.2838-01 

•0 

.0088*01 

-.5798*01 

-.1208*01 

-.2058*00 

-.0578-01 

•1 

.0958*01 

-.6708*01 

-.1118*01 

-.1478*00 

-.1308*00 

12 

.9048*01 

-.7828*01 

-.0708*00 

-.9108-01 

-.1808*00 

83 

.9158*01 

-.0898*01 

-.5718*00 

-.3048-01 

-.1798*00 

84 

.9228*01 

-.9518*01 

-.3208*00 

-.0008-02 

-.1058*00 

85 

.9298*01 

-.1058*02 

-.2838-01 

.1418-01 

-.1048*00 

88 

.9358*01 

-.1158*02 

.2508*00 

.1218-01 

-.1708*00 

87 

.9388*01 

-.1258*02 

.5358*00 

-.3948-01 

-.1798*00 

88 

.9408*01 

-.1358*02 

.1078*01 

-.9698*00 

-.4308*00 

89 

.1078*02 

-.5738*01 

-.1978*01 

-.2818*00 

-.2448*00 

90 

.1078*02 

-.6858*01 

-.1578*01 

-.1358*00 

-.2498*00 

91 

.1008*02 

-.7578*01 

-.1178*01 

-.5058-01 

-.2848*00 

92 

.1098*02 

-.0488*01 

-.7508*00 

.2038-02 

-.2848*00 

93 

.1098*02 

-.9408*01 

-.3598*00 

.4948-01 

-.2518*00 

94 

.1108*02 

-.1048*02 

.4988-01 

.0528-01 

-.2218*00 

95 

.1118*02 

-.1128*02 

.3108*00 

.9818-01 

-.1048*00 

98 

.1118*02 

-.1228*02 

.5228*00 

.9018-01 

-.1228*00 

97 

.1128*02 

-.1318*02 

.5078*00 

.5008-01 

-.2218-01 

94 

.1128*02 

-.1418*02 

.4128*00 

-.3188-01 

.1448*00 

99 

.1128*02 

-.1508*02 

-.1078*00 

-.3628-01 

.3908*00 

100 

.1278*02 

-.7818*01 

-.1238*01 

-.4778-02 

-.3058*00 

101 

.1278*02 

-.9518*01 

-.6428*00 

.0988-01 

-.3518*00 

102 

.1278*02 

-.9408*01 

-.1258*00 

.1378*00 

-.3228*00 

103 

.1208*02 

-.1038*02 

.3308*00 

.1728*00 

-.2798*00 

104 

.1208*02 

-.1128*02 

.7008*00 

.2008*00 

-.2178*00 

105 

.1298*02 

-.1238*02 

.9908*00 

.2268*00 

-.1028*00 

108 

.1298*02 

-.1298*02 

.1038*01 

.2348*00 

-.2008-02 

107 

.1298*02 

-.1388*02 

.0258*00 

.2408*00 

.2028*00 

108 

.1298*02 

-.1478*02 

.1618*00 

.2228*00 

.5358*00 

109 

.1308*02 

-.1568*02 

-.1348*01 

.1278*00 

.1118*01 

110 

.1308*02 

-.1658*02 

-.5398*01 

.3258*00 

.2808*01 

111 

.1458*02 

-.9518*01 

.4848*00 

.2118*00 

-.3iei>oo 

112 

.1458*02 

-.1048*02 

.9008*00 

.2428*00 

-.3028*00 

113 

.1458*02 

-.1128*02 

.1428*01 

.2688*00 

-.2508*00 

114 

.1488*02 

-.1208*02 

.1748*01 

.3008*00 

-.1018*00 

US 

.1488*02 

-.1298*02 

.1928*01 

.3428*00 

-.6528-01 

US 

.1468*02 

-.1398*02 

.1028*01 

.4208*00 

.1608*00 

117 

.1478*02 

-.1468*02 

.1518*01 

.4948*00 

.3918*00 

118 

.1478*02 

-.1548*02 

.5338*00 

.6538*00 

.0908*00 

119 

.1478*02 

-.1638*02 

-.1508*01 

.9828*00 

.1008*01 

120 

.1478*02 

-.1718*02 

-.6408*01 

.1748*01 

.4398*01 

121 

.1478*02 

-.1008*02 

-.3078*02 

.5128*01 

.2208*02 

II 


Tabla  4.-  Calculated  Modal  rraquanciaa  and  Daflactiona 
(or  2.5-root  Maakanad  Nodal  .1 

(a)  Noda  1*  (j  •  I . 5912  Ha 


Joint 

X 

y 

2 

dz£x 

dzAty 

l 

.1729-10 

.1520-09 

-.4050-01 

-.1010-02 

-.liot-oi 

a 

.4120-10 

.1010-09 

-.1510-01 

-.4600-01 

-.liOK-oi 

i 

0.  * 

0.  * 

0.  » 

0.  » 

4 

0.  • 

0.  » 

0.  + 

0.  • 

S 

0.  » 

0.  • 

0.  * 

0.  » 

« 

0.  ♦ 

0.  * 

0.  • 

0.  » 

7 

0.  • 

0.  « 

0.  » 

0.  * 

1 

0.  » 

0.  * 

0.  » 

0.  • 

9 

0.  • 

0.  • 

0.  * 

0.  » 

10 

-.1190-09 

-.1240-09 

-.5241-01 

.1610+00 

.1040-01 

11 

-.1100-09 

-.5110-09 

-.1070+00 

.2170+00 

.9070-01 

12 

.1120-09 

.9110-10 

.6100-02 

.0160-02 

-.1210-01 

11 

.9290-10 

.4070-10 

.1520-01 

.2030-01 

-.1270-01 

14 

.0160-10 

.2970-10 

.6900-01 

.4150-01 

-.1000-01 

15 

.6970-10 

.0070-11 

.1110+00 

.6790-01 

-.2220-01 

1« 

.6010-10 

-.1510-10 

.1660+00 

.9920-01 

-.2540-01 

17 

.7270-10 

-.4500-10 

.2250+00 

.1110+00 

-.2050-01 

11 

.1620-10 

-.9000-10 

.1060+00 

.1770+00 

-.1250-01 

If 

.1140-09 

-.1720-09 

.4020+00 

.2240+00 

-.4020-01 

20 

.1171-09 

-.1460-09 

.5100+00 

.2610+00 

-.4750-01 

21 

.1400-09 

-.5120-09 

.6970+00 

.1200+00 

-.9690-01 

22 

.1110-09 

-.7290-09 

.9140+00 

.M6C+00 

-.1220+00 

21 

.1790-09 

.6570-10 

.1950+00 

.6290-01 

-.5141-01' 

24 

.1020-09 

.4910-10 

.1170+00 

.9600-01 

-.6531-01 

25 

.1050-09 

.1110-10 

.4620+00 

.1140+00 

-.7460-01 

26 

.1940-09 

-.4140-10 

.6200+00 

.1740+00 

-.8430-01 

27 

.2090-09 

-.1000-09 

.0160+00 

.2170+00 

-.9510-01 

20 

.2110-09 

-.1910-09 

.1030+01 

.2620+00 

-.1001+00 

29 

.2600-09 

-.2970-09 

.1270+01 

.1090+00 

-.1211+00 

10 

.1010-09 

-.4300-09 

.1560+01 

.1580+00 

-.1431+00 

11 

.1160-09 

-.5930-09 

.1000+01 

.4070+00 

-.1631+00 

12 

.1100-09 

-.7600-09 

.2250+01 

.4610+00 

-.1090+00 

11 

.1170-09 

-.9110-09 

.2600+01 

.5110+00 

-.2200+00 

14 

.1290-09 

.5060-10 

.0150+00 

.1600+00 

-.1290+00 

35 

.3490-09 

-.6040-11 

.1080+01 

.2010+00 

-.1418+00 

16 

.1690-09 

-.0600-10 

.1300+01 

.2420+00 

-.1540+00 

37 

.1920-09 

-.1790-09 

.1700+01 

.2050+00 

-.1601+00 

30 

.4210-09 

-.2040-09 

.2050+01 

.1290+00 

-.1041+00 

19 

.4550-09 

-.4090-09 

.2450+01 

.3750+00 

-.2031+00 

40 

.4010-09 

-.5100-09 

.2060+01 

.4170+00 

-.2210+00 

41 

.5050-09 

-.6000-09 

.1321+01 

.4610+00 

-.2461+00 

42 

.5200-09 

-.0110-09 

.3040+01 

.5040+00 

-.2711+00 

41 

.5200-09 

-.9940-09 

.4410+01 

.5460+00 

-.3001+00 

44 

.5110-09 

-.1160-00 

.5010+01 

.5040+00 

-.3301+00 

45 

.5700-09 

-.4090-10 

.2010+01 

.2700+00 

-.2121+00 

46 

.5920-09 

-.1400-09 

.2420+01 

090+00 

-.2261+00 

47 

.6150-09 

-.2610-09 

.2070+01 

.3490+00 

-.2421+00 

46 

.6410-09 

-.3010-09 

.1350+01 

.1890+00 

-.2591+00 

49 

.6690-09 

-.5071-09 

.3060+01 

.4290+00 

-.2701+00 

50 

.6950-09 

-.6450-09 

.4410+01 

.4690+00 

-.2991+00 

51 

.7160-09 

-.7700-09 

.5000+01 

.5060+00 

-.3201+00 

52 

.7140-09 

-.9230-09 

.5610+01 

.5410+00 

-.3421+00 

51 

.7470-09 

-.1070-06 

.6100+01 

.5700+00 

-. 1671+00 

54 

.7550-09 

-.1230-06 

.7010+01 

.6120+00 

-.3921+00 

55 

.7600-09 

-.1100-00 

.760C+01 

.6400+00 

-.4231+00 

56 

.0520-09 

-.2260-09 

.3000+01 

.3750+00 

-.2991+00 

57 

.0600-09 

-.3520-09 

.4160+01 

.4120+00 

-.1141+00 

50 

.0060-09 

-.4020-09 

.4950+01 

.4470+00 

-.1311+00 

59 

.9060-09 

-.6110-09 

.5570+01 

.4820+00 

-.3401+00 

60 

.9260-09 

-.7460-09 

.6220+01 

.5160+00 

-.1671+00 

61 

.9460-09 

-.0930-09 

.6970+01 

.5510+00 

-.3881+00 

IV 


T»bl*  4.-  Continued 
(•)  Concluded 


Joint 

X 

1 

Z 

dz/dx 

dzty 

u 

.9618-09 

-.1028-08 

.7636*01 

.5796*00 

-.4066*00 

63 

.9748-09 

-.1168-08 

.8396*01 

.6086*00 

-.4276+00 

64 

.9848-09 

-.1308-08 

.9196*01 

.6356*00 

-.4496*00 

6S 

.9908-09 

-.1456-08 

.1006*02 

.6616*00 

-.4726*00 

66 

.9948-09 

-.1598-08 

.1096*02 

.6796+00 

-.5016*00 

67 

.1148-06 

-.4548-09 

.6166*01 

.4716*00 

-.3836+00 

68 

.1158-08 

-.5898-09 

.6856*01 

.5026+00 

-.3986+00 

69 

.1168-06 

-.7238-09 

.7566*01 

.5316+00 

-.4136+00 

70 

.1178-08 

-.0568-09 

.8296*01 

.5596+00 

-.4296+00 

71 

.1188-08 

-.9888-09 

.9066*01 

.5866+00 

-.4458+00 

72 

.1208-08 

-.1146-08 

.9966*01 

.6146+00 

-.4646+00 

73 

.1218-08 

-.1258-08 

.1076*02 

.6346+00 

-.4796+00 

74 

.1218-08 

-.1396-06 

.1156*02 

. 6556+00 

-.4986+00 

75 

.1228-06 

-.1526-08 

.1246*0? 

.6746+00 

-.5176+00 

76 

.1228-08 

-.1668-08 

.1336*02 

.6916+00 

-.5376+00 

77 

.1236-08 

-.1798-08 

.1436*02 

.7006+00 

-.5646+00 

78 

.1416-08 

-.7056-09 

.9056*01 

.5528+00 

-.4578+00 

79 

.1416-08 

-.8386-09 

.9826*01 

.5766+00 

-.4706+00 

80 

.1426-08 

-.9698-09 

.1066*02 

.5986+00 

-.4826+00 

81 

.1426-08 

-.1106-08 

.1146*02 

.6186+00 

-.4956+00 

82 

.1436-08 

-.1226-08 

.1236*02 

.6376+00 

-.5096+00 

83 

.1446-08 

-.1376-08 

.1336*02 

.6566+00 

-.5258+00 

84 

.1446-08 

-.1486-08 

.1406*02 

.6696+00 

-.5386+00 

85 

.1456-08 

-.1608-08 

.1496*02 

.6836+00 

-.5536+00 

86 

.1456-08 

-.1728-08 

.1596*02 

.6946+00 

- . 5696+OC 

87 

.1456-08 

-.1856-08 

.1696*02 

.7036+00 

-.5866+00 

88 

.1456-08 

-.1976-08 

.1796+02 

.7026+00 

-.6116+00 

89 

.1666-08 

-.9616-39 

.1246+02 

.6146+00 

-.5168+00 

90 

.1666-08 

-.1098-08 

.1326+02 

.6306+00 

-.5268+00 

91 

.1666-08 

-  1216-08 

.1406+02 

.6446+00 

-.5366+00 

92 

.1666-08 

-.1336-08 

.1496+02 

.6576+00 

-.5466+00 

93 

.1666-08 

-.1456-08 

.1586+02 

.6686+00 

-.5578*00 

94 

.1676-08 

-.1586-08 

.1688+02 

.6798+00 

-.5706+00 

95 

.1676-08 

-.1686-08 

.1766+02 

.6866+00 

-.5806+00 

96 

.1676-08 

-.1806-08 

.1856+02 

.6926+00 

-.5926+00 

97 

.1678-08 

-.1926-08 

.1956+02 

.6978+00 

-.6056+00 

98 

.1676-08 

-.2036-08 

.2056+02 

.6996+00 

-.6196+00 

99 

.1676-08 

-.2156-08 

.2156+02 

.6926+00 

-.6418+00 

100 

.1898-08 

-.1216-08 

.1606+02 

.6548+00 

-.5586+00 

101 

.1896-08 

-.1338-08 

.1686+02 

.6626+00 

-.5646+00 

102 

.1896-08 

-.1446-08 

.1776+02 

.6698+00 

-.5726+00 

103 

.1696-08 

-.1556-08 

.1866+02 

.6756+00 

- . 5806+00 

104 

.1696-08 

-.1666-08 

.1956+02 

.6796+00 

-.5886+00 

105 

.1896-08 

-.1806-08 

.2066+02 

.6848+00 

-.6006+00 

106 

.1896-08 

-.1886-08 

.2138+02 

.6856+00 

-.6076+00 

107 

.1896-08 

-.1996-08 

.2228+02 

.6876+00 

-.6186+00 

108 

.1898-08 

-.2106-08 

.2326+02 

.6886+00 

-.6286+00 

109 

.1896-08 

-.2216- 08 

.2426+02 

.6888+00 

-.6406+00 

110 

.1896-08 

-.2328-08 

.2516+02 

.6816+00 

-.6616+00 

111 

.2116-08 

-.1456-08 

.1986+02 

.6726+00 

-.5846+00 

112 

.2118-08 

-.1566-08 

.2066+02 

.6726+00 

-.5876+00 

113 

.2116-08 

-.1666-08 

.2156+02 

.6736+00 

-.5936+00 

114 

.2106-08 

-.1776-08 

.2246+02 

.6746+00 

-.6018+00 

115 

.2106-08 

-.1876-08 

.2326+02 

.6756+00 

-.6096+00 

116 

.2108-08 

-.2006-08 

.2446+02 

.6778+00 

-.6206+00 

117 

.2106-08 

-.2086-08 

.2506+02 

.6776+00 

-.6276+00 

118 

.2108-08 

-.2186-08 

.2606+02 

.6778+00 

-.6376+00 

119 

.2108-08 

-.2286-08 

.2696+02 

.6786+00 

-.6496+00 

120 

.2106-08 

-.2396-08 

.2786+02 

.6798+00 

-.6638+00 

121 

.2108-08 

-.2496-08 

.2886+02 

.6886*00 

-.7151+00 

I 

1 


Table  4.-  Continued 


20 


(b)  Mode  2,  fj  •  31.1650  Ha 


Joint 

X 

y 

2 

(teAix 

CttAfy 

i 

.2048-05 

.6118-05 

-.3158400 

.2138-01 

-.1068400 

2 

.2278-05 

.5558-05 

-.1288400 

.2506-01 

-.9838-01 

3 

0.  * 

0.  * 

0.  * 

0.  » 

0. 

4 

0.  » 

0.  » 

0.  * 

0.  * 

0. 

5 

0.  » 

0.  * 

0.  * 

0.  4 

0. 

f 

0.  » 

0.  » 

0.  * 

0.  » 

0. 

7 

0.  » 

0.  * 

0.  » 

0.  • 

0. 

0 

0.  • 

0.  * 

0.  * 

0.  * 

0. 

9 

0.  * 

0.  * 

0.  * 

5.  ♦ 

0. 

10 

-.7628-05 

-.1708-04 

-.6861400 

-.9728-01 

.5088400 

11 

-.6701-05 

-.2728-04 

-.2281401 

-.1498-01 

.8178400 

12 

.6018-05 

.5028-05 

.1378400 

.1208400 

-.1118400 

13 

.4958-05 

.2308-05 

.3358400 

.2108400 

-.1008400 

14 

.4318-05 

.1878-05 

.5148400 

.3188400 

-.9358-01 

15 

.3558-05 

.9338-06 

.6688400 

.4168400 

-.7368-01 

16 

.3268-05 

-.1828-06 

.7678400 

.4808400 

-.3698-01 

17 

.3208-05 

-.1698-05 

.7788400 

.4948400 

.1888-01 

16 

.3478-05 

-.4408-05 

.6368400 

.4398400 

.1138400 

19 

.4408-05 

-.6248-05 

.2388400 

.3168400 

.2788400 

20 

.4868-05 

-.1741-04 

-.7198400 

.2698400 

.5688400 

21 

.4568-05 

-.2788-04 

-.2358401 

.2138400 

.9258400 

22 

.2568-05 

-.3901-04 

-.4796401 

.2188400 

.1308401 

23 

.9318-05 

.3888-05 

.1628401 

.5388400 

-.2998400 

24 

.9368-05 

.3388-05 

.2168401 

.6808400 

-.2678400 

25 

.9398-05 

.1758-05 

.2598401 

.7978400 

-.1888400 

26 

.9568-05 

-.7078-06 

.2836401 

.8698400 

-.6038-01 

27 

.9968-05 

-.4068-05 

.2838401 

.8948400 

.6088-01 

28 

.1078-04 

-.8398-05 

.2508401 

.8746400 

.2438400 

29 

.1208-04 

-.1418-04 

.1748401 

.8228400 

.4838400 

30 

.1328-04 

-.2208-04 

.4448400 

.7578400 

.7698400 

31 

.1358-04 

-.3108-04 

-.1508401 

.6938400 

.1108401 

32 

.1318-04 

-.4118-04 

-.4118401 

.6208400 

.1458401 

33 

.1278-04 

-.5188-04 

-.7538401 

.6128400 

.1856401 

34 

.1688-04 

.4108-05 

.5228401 

.1136401 

-.4018400 

3S 

.1788-04 

.1588-05 

.5848401 

.1238401 

-,2568400 

36 

.1878-04 

-.2108-05 

.6138401 

.1298401 

-.7178-01 

37 

.1978-04 

-.6828-05 

.6038401 

.1318401 

.1448400 

38 

.2088-04 

-.1258-04 

.5488401 

.1308401 

.3928400 

39 

.2218-04 

-.1968-04 

.4358401 

.1258401 

.6888400 

40 

.2328-04 

-.2728-04 

.2768401 

.1198401 

.9908400 

41 

.2408-04 

-.3598-04 

.4768400 

.1118401 

.1328401 

42 

.2448-04 

-.4568-04 

-.2478401 

.1038401 

.1668401 

43 

.2458-04 

-.5638-04 

-.6108401 

.9368400 

.2028401 

44 

.2448-04 

-.6778-04 

-.1068402 

.9286400 

.2468401 

45 

.2988-04 

.3348-06 

.1058402 

.1728401 

-.2228400 

46 

.3108-04 

-.4508-05 

.1078402 

.1756401 

.2366-01 

47 

.3226-04 

-.1048-04 

.1048402 

.1758401 

.3018400 

48 

.3348-04 

-.1718-04 

.9516401 

.1726401 

.6008400 

49 

.3478-04 

-.2458-04 

.8056401 

.1678401 

.9188400 

SO 

.3596-04 

-.3318-04 

.5906401 

.1596401 

.1268401 

51 

.3698-04 

-.4178-04 

.3288401 

.1508401 

.1596401 

52 

.3768-04 

-.5148-04 

-.7448-01 

.1408401 

.1946401 

53 

.3828-04 

-.6198-04 

-.4098401 

.1298401 

.2298401 

54 

.3856-04 

-.7318-04 

-.8808401 

.1188401 

.2668401 

55 

.3858-04 

-.8508-04 

-.1448402 

.1196401 

.3146401 

56 

.4648-04 

-.7858-05 

.1658402 

.2248401 

.2478400 

57 

.4758-04 

-.1478-04 

.1586402 

.2198401 

.5638400 

58 

.4868-04 

-.2238-04 

.1448402 

.2138401 

.8968400 

59 

.4988-04 

-.3048-04 

.1256402 

.2066401 

.  .1248401 

60 

.5098-04 

-.3908-04 

.9916401 

.1968401 

.1588401 

61 

.5206-04 

-.4918-04 

.6418401 

.1856401 

.1968401 
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Table  4.-  Continued 
(b)  Concluded 

k 


f 


Joint 

X 

y 

Z 

62 

.529E-04 

-.581E-04 

.286E.01 

63 

.537E-04 

-.685E-04 

\-.161E+01 

64 

. 543E-04 

-.794E-04 

-.672E+01 

65 

.S47E-04 

-.910E-04 

-.125E+02 

66 

.548E-04 

-.103E-03 

-.192E+02 

67 

.653E-04 

-.200E-04 

.220E+02 

68 

.662E-04 

-.282E-04 

•200E+02 

69 

.671E-04 

-.370E-04 

.174E+02 

70 

■6B1E-04 

-.461E-04 

■143E+02 

71 

■691E-04 

-.556E-04 

•105E+02 

72 

.702E-04 

-.670E-04 

. 547E+01 

73 

.709E-04 

-.759E-04 

•116E+01 

74 

•717E-04 

-.866E-04 

-.439E+01 

75 

.  723E-04 

-.977E-04 

-.105E+02 

76 

.7266-04 

-.109E-03 

-.173E+02 

77 

•728E-04 

-.121E-03 

-.249E+02 

78 

•856E-04 

-.353E-04 

.259E+02 

79 

.863E-04 

-.445E-04 

■226E+02 

80 

.870E-04 

-.541E-04 

■187E+02 

81 

.879E-04 

-.638E-04 

•143E+02 

82 

■888E-04 

-.738E-04 

■940E+01 

83 

.897E-04 

-.854E-04 

. 317E+01 

84 

.903E-04 

-.945E-04 

-.201E+01 

85 

. 910E-04 

-.105E-03 

-.848E+01 

86 

•914E-04 

-.116E-03 

-.15SE+02 

87 

•917E-04 

-.127E-03 

-.230E+02 

88 

.919E-04 

-.139E-03 

-.313E+02 

89 

.107E-03 

-.532E-04 

.274E+02 

90 

.107E-03 

-.630E-04 

.229E+02 

91 

.108E-03 

-.729E-04 

•179E+02 

92 

.109E-03 

-.829E-04 

■124E+02 

93 

. 109E-03 

-.930E-04 

•652E+01 

94 

.110E-03 

-.104E-03 

-.653E+00 

95 

.110E-03 

-.113E-03 

-.650E+01 

96 

.111E-03 

-.124E-03 

-.136E+02 

97 

.111E-03 

-.134E-03 

-.212E+02 

98 

.111E-03 

-.145E-03 

-.292E+02 

99 

.ll’E-03 

-.156E-03 

-.379E+02 

10C 

. 128E-03 

-.731E-04 

•263E+02 

101 

. 128E-03 

-.829E-04 

.207E+02 

102 

.129E-03 

-.928E-04 

. 148E+02 

103 

.129E-03 

-.103E-03 

.864E+01 

104 

.13PE-03 

-.112E-03 

•211E+01 

105 

•130E-03 

-.125E-03 

-.659E+01 

106 

■130E-03 

-.132E-03 

-.119E+0J 

107 

•131E-03 

-.142E-03 

-.194E+02 

108 

. 131E-03 

-.152E-03 

-.273E+02 

109 

.131E-03 

-.162E-03 

-.356E+02 

110 

.131E-03 

-.172E-03 

-.445E+02 

111 

. 149E-03 

-.939E-04 

.226E+02 

112 

. 149E-03 

-.103E-03 

•165E+02 

11. 

. 149E-03 

-.113E-03 

•102E+02 

114 

.149E-03 

-.122E-03 

.  358E+01 

115 

. 150E-03 

-.131E-03 

-.328E+01 

116 

. 150E-03 

-.143E-03 

-.124E+02 

117 

. 150E-03 

-.150E-03 

-.178E+02 

118 

■131E-03 

-.160E-03 

-.256E+02 

119 

■151E-03 

-.169E-03 

-.337E+02 

120 

.1S1E-03 

-.179E-03 

-.423E+02 

121 

.151E-03 

-.189E-03 

-.526E+02 

dz/dx 


.174E+01 

. 162E+01 

•151E+01 

•140E+01 

■145E+01 

.262E+01 

• 251E+01 

•241E+01 

•230E+01 

•218E+01 

.204E+01 

. 193E+01 

, 182E+01 

.171E+01 

.163E+01 

.175E+01 

•285E+01 

.270E+01 

.258E+01 

.245E+01 

•232E+01 

■219E+01 

.210E+01 

. 201E+01 

.193E+01 

. 190E+01 

.210E+01 

.295E+01 

■279E+01 

. 266E+01 

.254E+01 

.243E+01 

.233E+01 

•227E+01 

. 222E+01 

. 220E+01 

•221E+01 

. 25OE+01 

. 295E+01 

■279E+01 

•269E+01 

■261E+01 

•256E+01 

•251E+01 

.249E+01 

■248E+01 

•248E+01 

■250E+01 

.274E+01 

.290E+01 

.280E+01 

.277E+01 

•275E+01 

•274E+01 

.273E+01 

.273E+01 

.273E+01 

. 274E+01 

•273E+01 

.249E+01 


dz/dy 


.228E+01 
■262E+01 
. 298E+01 
. 335E+01 
. 387E+01 
■953E+00 
. 130E+01 
.165E+01 
.199E+01 
•234E+01 
.272E+01 
. 301E+01 
.334E+01 
•368E+01 
•403E+01 
•457E+01 
.  180E+01 
. 214E+01 
. 247E+01 
.279E+01 
.  311E+01 
.  346E+01 
. 372E+01 
•402E+01 
■432E+01 
.465E+01 
.  319E+01 
•269E+01 
•299E+01 
. 328E+01 
. 356E+01 
■382E+01 
•412E+01 
•434E+01 
•459E+01 
.  486E+01 
.514E+01 
.  568E+01 
.  352E+01 
. 376E+01 
•398E+01 
■419E+01 
.440E+01 
. 466E+01 
■482E+01 
. 504E+01 
. 528E+01 
.  554E+01 
•607E+01 
. 410E+01 
.431E+01 
.  446E+01 
.464E+01 
■483E+01 
. 507E+01 
.  522E+01 
. 545E+01 
- 572E+01 
-610E+01 
. 758E+01 
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Table  4.-  Continued 
(c)  Mode  3,  f3  -  40.3482  Ha 


Joint 

X 

y 

2 

dz/dx 

dz/dy 

i 

-.420E-05 

- . 166E-04 

-.829E-01 

-.2468-02 

-.245E-01 

2 

-.466E-05 

-.114E-04 

-.280E-01 

-.4928-02 

-.131E-01 

3 

0.  * 

0.  * 

0.  * 

0.  * 

0.  * 

4 

0.  * 

0.  * 

0.  * 

0.  * 

0.  * 

5 

0.  * 

0.  * 

0.  * 

0.  * 

0.  » 

6 

0.  * 

0.  » 

0.  » 

0.  * 

0.  * 

7 

0.  * 

0.  * 

0.  * 

0.  + 

0.  + 

8 

0.  * 

0.  * 

0.  » 

0.  + 

0.  * 

9 

0.  » 

0.  » 

0.  * 

0.  * 

0.  * 

10 

•162E-04 

. 353E-04 

. 566E+00 

.9488+00 

-.5238+00 

11 

. 180E-04 

. 564E-04 

.230E+01 

.1148+01 

-.9568+00 

12 

-.123E-04 

-.103E-04 

-.421E-02 

-.7328-03 

- . 6268-02 

13 

-.102E-04 

-.473E-05 

. 344E-01 

.1048-01 

-.564E-02 

14 

-.885E-05 

-.384E-05 

•916E-01 

.4558-01 

-.2488-01 

15 

-.729E-05 

-.188E-05 

.196E+00 

.1048+00 

-.4858-01 

16 

-.669E-05 

. 441E-06 

. 371E+00 

.1988+00 

- .  818E-01 

17 

-.658E-05 

. 358E-05 

■631E+00 

.3378+00 

-.132E+00 

18 

-.717E-05 

. 919E-05 

. 112E+01 

.5728+00 

-.2338+00 

19 

-.911E-05 

. 172E-04 

.1958+01 

.8708+00 

-.4458+00 

20 

-.101E-04 

. 362E-04 

. 360E+01 

.9748+00 

-.8178+00 

21 

-.946E-05 

.  577E-04 

■619E+01 

.1258+01 

-.1528+01 

22 

-.531E-05 

•809E-04 

•103E+02 

.1258+01 

-.2238+01 

23 

-.192E-04 

-.797E-05 

. 162E+00 

.2828-01 

-.6078-01 

24 

-.1938-04 

-.689E-05 

. 366E+00 

.6828-01 

-.1088+00 

25 

-.193E-04 

-.351E-05 

.  694E+00 

.1298+00 

-.1788+00 

26 

-.197E-04 

.161E-05 

•120E+01 

•214E+00 

-.2768+00 

27 

-.205E-04 

.857E-05 

.195E+01 

.3258+00 

- . 4188+00 

28 

-.221E-04 

.1768-04 

. 306E+01 

. 460E+00 

-.617E+00 

29 

-.248E-04 

.294E-04 

.4688+01 

.5958+00 

- .  907E+00 

30 

-.272E-04 

•458E-04 

.699E+01 

•710E+00 

-.1318+01 

31 

-.2798-04 

.6448-04 

.102E+02 

.7738+00 

-.1748+01 

32 

-.271E-04 

.8528-04 

.1438+02 

.8058+00 

-.2278+01 

33 

-.262E-04 

.1078-03 

.2008+02 

.4808+00 

-.3118+01 

34 

-.347E-04 

-.835E-05 

.7148+00 

•143E-01 

-.2038+00 

35 

-.368E-04 

-.307E-05 

.1258+01 

.3468-01 

- . 306E+00 

36 

-.386E-04 

•458E-05 

. 202E+01 

•605E-01 

-.449E+00 

37 

-.406E-04 

.1448-04 

. 313E+01 

•951E-01 

-.6358+00 

38 

-.429E-04 

. 262E-04 

.4648+01 

.1318+00 

-.870E+00 

39 

-.457E-04 

. 407E-04 

.6768+01 

.1588+00 

-.1188+01 

40 

-.480E-04 

.5658-04 

.9328+01 

.1548+00 

- .  151E+01 

41 

-.496E-04 

•745E-04 

.1278+02 

.1148+00 

-.1908+01 

42 

-.504E-04 

.9468-04 

.1688+02 

.1328-01 

-.232E+01 

43 

-.506E-04 

•117E-03 

.219E+02 

-.166E+00 

-.2798+01 

44 

-.503E-04 

•140E-03 

•284E+02 

-.7918+00 

-.363E+01 

45 

-.614E-04 

-.431E-06 

.145E+01 

-.2048+00 

-.387E+00 

46 

-.639E-04 

.960E-05 

.2368+01 

-.2438+00 

-.5548+00 

47 

-.664E-04 

-218E-04 

.3628+01 

-.2878+00 

-.755E+00 

48 

-.690E-04 

.356E-04 

•529E+01 

-.3368+00 

-.9938+00 

49 

-.716E-04 

. 511E-04 

.7448+01 

-.4028+00 

-.1268+01 

50 

-.741E-04 

•687E-04 

.102E+02 

-.4968+00 

-.158E+01 

51 

-.761E-04 

.865E-J4 

.1348+02 

-.6228+00 

-.1888+01 

52 

-.777E-04 

•107E-03 

.1728+02 

-.7958+00 

-.2218+01 

53 

-.788E-04 

. 128E-03 

•217E+02 

-.103E+01 

- . 2548+01 

54 

-.793E-04 

. 151E-03 

.2698+02 

-.1358+01 

-.2908+01 

55 

-.794E-04 

■176E-03 

•332E+02 

-.2168+01 

-.3648+01 

56 

-.956E-04 

. 166E-04 

.1708+01 

-.701E+00 

-.579E+00 

57 

-.980E-04 

. 308E-04 

.2938+01 

-.8088+00 

-.782E+00 

58 

-.100E-03 

. 464E-04 

.455E+01 

-.9288+00 

-.3008+01 

59 

-.1038-03 

.632E-04 

.6598+01 

-.1068+01 

-.1248+01 

60 

-.105E-03 

.811E-04 

.9068+01 

-.1228+01 

-.149E+01 

61 

-.107E-03 

. 102E-03 

.1228+02 

-.142E+01 

-.1768+01 

Table  4 . -  Continued 
(c)  Concluded 


Joint 

X 

y 

2 

dzMx 

dz/dy 

62 

-.1096-03 

.1206-03 

.15364-02 

-.1626+01 

-.1986+01 

63 

-.111B-03 

.1426-03 

.19164-02 

-.1886+01 

-.2226+01 

64 

-.1126-03 

.1646-03 

.2336+02 

-.2196+01 

-.2446+01 

65 

-.1136-03 

.1886-03 

.27964-02 

-.2586+01 

-.2666+01 

66 

-.1136-03 

.2136-03 

.33464-02 

-.3436+01 

-.3236+01 

67 

-.1356-03 

.4176-04 

.5496+00 

-.1466+01 

-.7216+00 

66 

-.1366-03 

.5876-04 

.1966+01 

-.1626+01 

-.9206+00 

69 

-.1386-03 

.7686-04 

.3726+01 

-.1806+01 

-.1126+01 

70 

-.1406-03 

.9576-04 

.5836+01 

-.1996+01 

-.1326+01 

71 

-.1426-03 

.1156-03 

.8276+01 

-.2206+01 

-.1516+01 

72 

-.1456-03 

.1396-03 

.1146+02 

-.2466+01 

-.1716+01 

73 

-.1466-03 

.1576-03 

.1416+02 

-.2686+01 

-.1846+01 

74 

-.1486-03 

.1796-03 

.1746+02 

-.2066+01 

-.1976+01 

75 

-.1496-03 

.2026-03 

.2086+02 

-.3286+01 

-.2076+01 

76 

-.1506-03 

.2266-03 

.2456+02 

-.3666+01 

-.2166+01 

77 

-.1506-03 

.2506-03 

.2876+02 

-.4396+01 

-.2526+01 

78 

-.1766-03 

.7336-04 

-.2876+01 

-.2386+01 

-.7766+00 

79 

-.1786-03 

.9236-04 

-.1466+01 

-.2566+01 

-.9466+00 

80 

-.1796-03 

.1126-03 

.2196+00 

-.2766+01 

-.1116+01 

81 

-.1816-03 

.1326-03 

.2156+01 

-.2966+01 

-.1256+01 

82 

-.1836-03 

.1536-03 

.4316+01 

-.3166+01 

-.1386+01 

83 

-.1858-03 

.1776-03 

.6986+01 

-.3416+01 

-.1496+01 

84 

-.1866-03 

.1956-03 

.9136+01 

-.3616+01 

-.1546+01 

85 

-.1876-03 

.2176-03 

.1176+02 

-.3866+01 

-.1576+01 

86 

-.1886-03 

.2406-03 

.1436+02 

-.4126+01 

-.1576+01 

87 

-.1896-03 

.2636-03 

.1686+02 

-.4426+01 

-.1546+01 

88 

-.1896-03 

.2866-03 

.1966+02 

-.4926+01 

-.1686+01 

89 

-.2206-03 

.1106-03 

— .90B6+01 

-.3336+01 

-.7746+00 

90 

-.2216-03 

.1306-03 

-.7776+01 

-.3476+01 

-.9096+00 

91 

-.2226-03 

.1518-03 

-.6276+01 

-.3636+01 

-.1026+01 

92 

-.2236-03 

.1716-03 

-.4616+01 

-.3796+01 

-.1116+01 

93 

-.2256-03 

.1926-03 

-.2836+01 

-.3946+01 

-.1176+01 

94 

-.2266-03 

.2166-03 

-.7486+00 

-.4126+01 

-.1196+01 

95 

-.2276-03 

.2346-03 

.8576+00 

-.4266+01 

-.1186+01 

96 

-.2286-03 

.2568-03 

.2676+01 

-.4426+01 

-.1146+01 

97 

-.2298-03 

.2776-03 

.4396+01 

-.4586+01 

-.1066+01 

98 

-.2296-03 

.2996-03 

.5966+01 

-.4756+01 

-.9506+00 

99 

-.2296-03 

.3216-03 

.7426+01 

-.4976+01 

-.8916+00 

100 

-.2646-03 

.1516-03 

-.1796+02 

-.4106+01 

-.7856+00 

101 

-.2656-03 

.1726-03 

-.1666+02 

-.4146+01 

-.8786+00 

102 

-.2656-03 

.1926-03 

-.1536+02 

-.4236+01 

-.9356+00 

103 

-.2666-03 

.2126-03 

-.1396+02 

-.4316+01 

-.9616+00 

104 

-.2678-03 

.2326-03 

-.1246+02 

-.4386+01 

-.9578+00 

105 

-.2686-03 

.2586-03 

-.1076+02 

-.4486+01 

-.9106+00 

1% 

-.2696-03 

.2736-03 

-.9736+01 

-.4536+01 

-.8636+00 

107 

-.2696-03 

.2936-03 

-.8526+01 

-.4606+01 

-.7646+00 

108 

-.2708-03 

.3146-03 

-.7486+01 

-.4676+01 

-.6366+00 

109 

-.2706-03 

.3356-03 

-.6676+01 

-.4736+01 

-.4756+00 

110 

-.2706-03 

.3566-03 

-.6206+01 

-.4776+01 

-.2586+00 

111 

-.3068-03 

.1946-03 

-.2826+02 

-.4486+01 

-.7766+00 

112 

-.3076-03 

.2146-03 

-.2696+02 

-.4436+01 

-.8706+00 

113 

-.3076-03 

.2336-03 

-.2578+02 

-.4446+01 

-.8726+00 

114 

-.3086-03 

.2526-03 

-.2456+02 

-.4458+01 

-.8426+00 

115 

-.3086-03 

.2726-03 

-.2  148+02 

-.4476+01 

-.7866+00 

116 

-.3096-03 

.2966-03 

-.2116+02 

-.4496+01 

-.6706+00 

117 

-.3106-03 

.3106-03 

-.2146+02 

-.4506+01 

-.5856+00 

118 

-.3106-03 

.3306-03 

-.2076+02 

-.4528+01 

-.4326+00 

119 

-.3116-03 

.3506-03 

-.2036+02 

-.4556+01  - 

-.2386+00 

120 

-.3116-03 

.3696-03 

-.2026+02 

-.4586+01 

.4516-01 

121 

-.3116-03 

.3896-03 

-.2136+02 

-.4746+01 

.1086+01 

FI 
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Table  4.-  Continued 
(d)  Node  4,  f4  -  91.5446  Ht 


Joint 

X 

y 

Z 

dz/dx 

dz/dy 

l 

.163E-05 

.7158-05 

-.10884-01 

.9508-01 

-.3798+00 

2 

.  182E-05 

.4798-05 

-.41684-00 

.9658-01 

-.3078+00 

3 

0.  » 

0.  * 

0.  * 

0.  * 

0. 

4 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

5 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

6 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

7 

0.  * 

0.  » 

0.  * 

0.  * 

0. 

a 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

9 

0.  * 

0.  * 

0.  * 

0.  * 

0. 

10 

-.2768-05 

-.1368-04 

-.1428+01 

-.2038+00 

.1078+01 

n 

-.151E-05 

-.2148-04 

-.5228+01 

.3858+00 

.1718+01 

12 

.523E-05 

.4258-05 

.4828+00 

.3938+00 

-.3038:00 

13 

•435E-05 

.1718-05 

.1018+01 

.6198+00 

-.2488+00 

14 

.  389E-05 

.104B-G5 

.1438+01 

.8766+00 

-.1948+00 

15 

.  351E-05 

-.6588-07 

.1738+01 

.1078+01 

-.1168+00 

16 

.372E-U5 

-.1268-05 

.1858+01 

.1158+01 

-.1098-01 

17 

■427E-05 

-.2698-05 

.1778+01 

.1118+01 

.1218+00 

16 

.5378-05 

-.5068-05 

.1348+01 

.9168+00 

.5108+00 

19 

.7208-05 

-.8248-05 

.4368+00 

.6048+00 

.6228+00 

20 

.9188-05 

-.1558-04 

-.1568+01 

.5318+00 

.1188+01 

a 

.9918-05 

-.2278-04 

-.4928+01 

.4418+00 

.1918+01 

22 

.9488-05 

-.3008-04 

-.1078+02 

.1128+01 

.3138+01 

23 

.8568-05 

.2548-05 

.4618+01 

•149E+01 

-.6248+00 

24 

.8748-05 

.1438-05 

.5678+01 

.1738+01 

-.4718+00 

25 

.9088-35 

-.6808-06 

.6338+01 

.1888+01 

-.2178+00 

26 

.9818-05 

-.3288-05 

.6468+01 

.1908+01 

.6648-01 

27 

.1108-74 

-.6338-05 

.6018+01 

■180E+01 

. 3788+00 

2b 

.1268-04 

-.9888-05 

.4908+01 

.1628+01 

.7268+00 

29 

.1478-04 

-.1428-04 

.3048+01 

.1408+01 

.1148+01 

30 

.1688-04 

-.1968-04 

.2898+00 

.1218+01 

.1648+01 

31 

.1818-04 

-.2518-04 

-.3498+01 

.1128+03 

.2128+01 

32 

.1888-04 

-.3088-04 

-.8378+01 

.1168+01 

.2688+01 

33 

.1938-04 

-.3628-04 

-.1558+02 

.2148+01 

.3976+01 

34 

•156E-04 

.7908-06 

.1288+02 

.2668+01 

-.4038+00 

35 

.1668-04 

-.2378-05 

.1328+02 

.2608+01 

-.1828-01 

36 

.1778-04 

-.v17B-05 

.1298+02 

. 2486+01 

.4158+00 

37 

.1918-04 

-.1038-04 

.1178+02 

.2288+01 

.8416+00 

38 

•208E-04 

-.1468-04 

.9638+01 

.2038+01 

.1256+01 

39 

.2278-04 

-.1938-04 

.6718+01 

.1768+01 

.1668+01 

40 

.2448-04 

-.2398-04 

.3298+01 

.1558+01 

.2038+01 

41 

.2578-04 

-.2848-04 

-.9538+00 

.1428+01 

.2578+01 

42 

.2688-04 

-.3298-04 

-.5848+01 

.1408+01 

.2688+01 

43 

.2758-04 

-.3738-04 

-.1148+02 

.1588+01 

.3008+01 

44 

.2818-04 

-.4138-04 

-.1888+02 

. 2828+01 

.4138+01 

45 

.2608-04 

-.5088-05 

.2178+02 

.3208+01 

.6818+00 

46 

.2688-04 

-. 9748-05 

.2018+02 

.2608+01 

.1128+01 

47 

.2798-04 

-.1458-04 

.1768+02 

.2458+01 

.1568+01 

48 

.2928-34 

-.1928-04 

.1448+02 

.2108+01 

.1948+01 

49 

.3068-04 

-.2368-04 

.1058+02 

.1778+01 

.2248+01 

50 

.3198-04 

-.2798-04 

.5988+01 

.1518+01 

.2478+01 

51 

.3308-04 

-.3178-04 

.1438+01 

.1368+01 

.2618+01 

52 

.3408-04 

-.3548-04 

-.3468+01 

.1338+01 

.2682+01 

53 

.3478-04 

-.3888-04 

-.8448+01 

.1458+01 

.2688+01 

54 

.3528-04 

-.4188-04 

-.1348+02 

.1818+01 

.2678+01 

55 

.356E-04 

-.4448-04 

-.1968+02 

.3258+01 

.3458+01 

56 

.3628-04 

-.1388-04 

.2658+02 

.2808+01 

.2238+01 

57 

.3668-04 

-.1986-04 

.2238+02 

.2188+01 

.2518+01 

58 

.3728-04 

-.2338-04 

.1768+02 

.1738+01-' 

.2748+01 

59 

.3808-04 

-.2778-04 

.1268+02 

.1368+01 

.2858+01 

60 

.3878-04 

-.3146-04 

.7558+01 

.1098+01 

.2868+01 

61 

.3958-04 

-.3498-04 

.2168+01 

.9348+00 

.2748+01 

1 


T»bl«  4.-  Continued 
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Joint 

X 

y 

Z 

dz/dx 

dz/dy 

62 

,4008-04 

-.3768-04 

-.2148+01 

.9278+00 

.255801 

63 

,4058-04 

-.4028-04 

-.640801 

.1078+01 

.227801 

64 

.4098-04 

-.4248-04 

-.101802 

.1388+01 

.190801 

65 

.4118-04 

-.4418-04 

-.130802 

.1928+01 

.147801 

66 

.4138-04 

-.4548-04 

-.160802 

.331801 

.160801 

67 

.4418-04 

-.2328-04 

.2378+02 

.147801 

.356801 

66 

.4418-04 

-.2758-04 

.1768+02 

.871800 

.348801 

69 

.4428-04 

-.3128-04 

.1188+02 

.500800 

.3338+01 

70 

.4448-04 

-.3448-04 

.636801 

.2688+00 

.305801 

71 

.4468-04 

-.3718-04 

.149801 

.1718+00 

.267801 

72 

.4488-04 

-.3968-04 

-.3138+01 

.234  8  00 

.212801 

73 

.4488-04 

-.4128-04 

-.5836+01 

.4008+00 

.162801 

74 

.4498-04 

-.4278-04 

-.794801 

.7258+00 

.948800 

75 

.4498-04 

-.4396-04 

-.879801 

.119801 

.174800 

76 

.4498-04 

-.4468-04 

-.818801 

.181801 

-.712800 

77 

.4498-04 

-.4498-04 

-.613801 

.274801 

-.149801 

78 

.4888-04 

-.3128-04 

.130802 

-.3958+00 

.392801 

79 

.4858-04 

-.3438-04 

.6908+01 

-.739800 

.3438+01 

80 

.4828-04 

-.3688-04 

.1728+01 

-.881800 

.286801 

81 

.4808-04 

-.3888-04 

-.242801 

-.8738+00 

.220801 

82 

.4788-04 

-.4048-04 

-.5388+01 

-.7418+00 

.146801 

83 

.4758-04 

-.4198-04 

-.716801 

-.4538+00 

.5348+00 

84 

.4738-04 

-.  2.6-04 

-.7268+01 

-.159800 

-.242800 

85 

.4718-04 

-.4346-04 

-.5938+01 

.261800 

-.124801 

86 

.4698-04 

-.4378-04 

-.2818+01 

.7428+00 

-.235801 

87 

.4688-04 

-.4368-04 

.2368+01 

.1248+01 

-.365801 

88 

.4678-04 

-.4358-04 

.105802 

.1258+01 

-.5518+01 

ar 

.5058-04 

-.3698-04 

-.249801 

-.222801 

.292801 

90 

.5018-04 

-.3868-04 

-.6488+01 

-.2168+01 

.2098+01 

91 

.4978-04 

-.3998-04 

-.9108+01 

-.2048+01 

.1228+01 

92 

.4938-04 

-.4108-04 

-.103802 

-.1818+01 

.  313800 

93 

.4898-04 

-.4178-04 

-.9978+01 

-.151801 

-.635800 

94 

.4148-04 

-.4248-04 

-.771801 

-.1138+01 

-.1798+01 

95 

.4808-04 

-.4278-04 

-.4518+01 

- . 834E+00 

-.273801 

96 

.4778-04 

-.4298-04 

.890800 

-.4888+00 

-.392801 

97 

.4758-04 

-.4288-04 

.834801 

-.1748+00 

-.526801 

98 

.4738-04 

-.4258-04 

.182802 

•213E-01 

-.688801 

99 

.4728-04 

-.4218-04 

.325802 

-.132801 

-.9938+01 

100 

.5038-04 

-.3998-04 

-.173802 

-.3508+01 

.6778+00 

101 

.4998-04 

-.4058-04 

-.1768+02 

-.308801 

-.261800 

102 

.4958-04 

-.4108-04 

-.1658+02 

-.2788+01 

-.116801 

103 

.4918-04 

-.4158-04 

-.1418+02 

-.249801 

-.2108+01 

104 

.4868-04 

-.4188-04 

-.101802 

-.2258+01 

-.310801 

105 

.4818-04 

-.421804 

-.2758+01 

-.199801 

-.447801 

106 

.4788-04 

-.4218-04 

.2838+01 

-.186801 

-.536801 

107 

.4758-04 

-.4208  04 

.121802 

-.1728+01 

-.671801 

108 

.4728-04 

-.4178-04 

.237802 

-.1598+01 

-.829801 

109 

.4718-04 

-.413804 

.3828+02 

-.1508+01 

-.103802 

110 

.4708-04 

-.4088  04 

.5838  02 

-.275801 

-.142802 

111 

.4976-04 

-.407804 

-.262802 

-.388801 

-.170801 

112 

.4948-04 

-.410804 

-.2298+02 

-.347801 

-.265801 

113 

.4908-04 

-.4128-04 

-.186802 

-.340801 

-.3408+01 

114 

.4858-04 

-.414804 

-.130802 

-.334801 

-.4368+01 

115 

.4008-04 

-.4158-04 

-.587801 

-.330801 

-.543801 

116 

.4748-04 

-.415804 

.557801 

-.330801 

-.7008+01 

117 

.4708-04 

-.4148-04 

.’.36802 

-.335801 

-.805801 

118 

.4678-04 

-.411804 

.267802 

-.342801 

-.9828+01 

119 

.4648-04 

-.408804 

.428802 

-.353801  , 

-.1218+02 

120 

.4628-04 

-.4038-04 

.636802 

-.359801 

-.1596+02 

121 

.4618-04 

-.398804 

.104803 

-.106801 

-.333802 

26 


T*bl*  4.-  Continued 
(•)  Nod*  5,  fs  -  118.1132  H* 


Joint 

X 

y 

l 

-.5568-05 

-.2258-04 

2 

-.6208-05 

-.1538-04 

3 

0.  * 

0. 

4 

0.  * 

0. 

S 

0.  * 

0. 

6 

0.  * 

0. 

7 

0.  * 

0. 

a 

0.  » 

0. 

9 

0.  » 

0. 

10 

.1978-04 

.4668-04 

11 

.2128-04 

.7418-04 

12 

-.1668-04 

-.1368-04 

13 

-.1378-04 

-.6238-05 

14 

-.1208-04 

-.4908-05 

15 

-.1008-04 

-.2168-05 

16 

-.9448-05 

.1048-05 

17 

-.9578-05 

.5278-05 

1* 

-.1078-04 

.12*8-04 

19 

-.1388-04 

.2338-04 

20 

-.1568-04 

.4*48-04 

21 

-.1558-04 

.7628-04 

22 

-.1068-04 

.1068-03 

23 

-.2608-04 

-.1038-04 

24 

-.2628-04 

-.9618-05 

25 

-.2648-04 

-.37*8-05 

26 

-.2728-04 

.3268-05 

27 

-.2878-04 

.1268-04 

26 

-.3138-04 

.2468-04 

29 

-.3538-04 

.4008-04 

30 

-.3908-04 

.6128-04 

31 

-.4048-04 

.6508-04 

32 

-.39*8-04 

.1118-03 

33 

-.3908-04 

.1398-03 

34 

-.4718-04 

-.1008-04 

35 

-.4998-04 

-.2558-05 

36 

-.5268-04 

.7948-05 

37 

-.5548-04 

.2108-04 

36 

-.5898-04 

.3658-04 

39 

-.6298-04 

.5538-04 

40 

-.6638-04 

.7538-04 

41 

-.6668-04 

.9618-04 

42 

-.7038-04 

.1238-03 

43 

-.7098-04 

.1508-03 

44 

-.70*8-04 

.1798-03 

45 

-.6248-04 

.1668-05 

46 

-.*578-04 

.1538-04 

47 

-.6908-04 

.3148-04 

46 

-.9268-04 

.4938-04 

49 

-.9628-04 

.6908-04 

50 

-.9978-04 

.9128-04 

51 

-.1028-03 

.1138-03 

52 

-.1058-03 

.1368-03 

53 

-.1068-03 

.1648-03 

54 

-.1078-03 

.1928-03 

55 

-.1068-03 

.2218-03 

56 

-.1268-03 

.2518-04 

57 

-.1298-03 

.436804 

58 

-.1328-03 

.636804 

59 

-.1358-03 

.647804 

60 

-.1368-03 

.107803 

61 

-.1418-03 

.132803 

Z 

dz/dx 

-.525801 

.1718-01 

-.2728-01 

.2328-01 

0.  * 

r>.  « 

0.  * 

0.  * 

0.  » 

0.  * 

0.  • 

0.  * 

0.  * 

0.  * 

0.  + 

0.  * 

0.  * 

0.  * 

-.2728+01 

-.2048+01 

-.1218+02 

-.3738+00 

.6*7801 

.7098-01 

.1308+00 

.1008+00 

.1168+00 

.9498-01 

-.5*7802 

.3558-01 

-.3028+00 

-.1168+00 

-.6218+00 

-.3608+00 

-.1928+01 

-.67*8+00 

-.4008+01 

-.1518+01 

-.6768+01 

-.1378+01 

-.1718+02 

-.1268+01 

-.3508+02 

.2608+01 

.6748+00 

.2748+00 

.5*98+00 

.2*28+00 

.2138+00 

.24*8+00 

-.5968+00 

.1548+00 

-.2008+01 

.91*8-02 

-.4248+01 

-.14*8+00 

-.7708+01 

-.2018+00 

-.1298+02 

-.7278-02 

-.2048+02 

.6538+00 

-.3078+02 

.2038+01 

-.5018+02 

.6228+01 

.1*68+01 

.6*58+00 

.1268+01 

.7068+00 

.9938-01 

.7368+00 

-.1758+01 

.7628+00 

-.4418+01 

.6398+00 

-.11413+01 

.1058+01 

-.1268+02 

.1468+01 

-.1628+02 

.2208+01 

-.2478+02 

.3408+01 

-.3218+92 

.5318+01 

-.4468+02 

.1138+02 

.36*8+01 

.1408+01 

.2498+01 

.1448+01 

.5218+00 

.1548+01 

-.2042+01 

.1698+01 

-.5108+01 

.1958+01 

-.6638+01 

.2368+01 

-.1208+02 

.2978+01 

-.1528+02 

.3*28+01 

-.1768+02 

.4928+01 

-.1678+02 

.6368+01 

-.1918+02 

.9408+01 

.6748+01 

.2138+01 

.4648+01 

.2118+01 

.22*8+01 

.21*8+01 

-.1648+00 

.2328+01  , 

-.2428+01 

.2558+01 

-.4278+01 

.2918+01 

i 


dzAJy 


-.2401-01 

-.3551-01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.2121+01 
.  3778+01 
-.4781-01 
-.406N-01 
.1531-02 
.6198-01 
.1608+00 
.2838+00 
.6718+00 
.1238+01 
.2658+01 
.4958+01 
.1018+02 
-.3648-01 
.7128-01 
.2478+00 
.4928+00 
.6378+00 
.1328+01 
.2068+01 
.3108+01 
.4248+01 
.6*28+01 
.1148+02 
.1678+00 
.4338+00 
.7568+00 
.1168+01 
.1608+01 
.2168+01 
.2698+01 
.3228+01 
.3668+01 
.40*8+01 
.7438+01 
.6068+00 
.9228+00 
.1268+01 
.1568+01 
.1628+01 
.1968+01 
.1958+01 
.1718+01 
.1148+01 
.2168+00 
-.2608-01 
.1118+01 
.1318+01 
.1438+01 
.1428+01 
.1268+01 
.8218+00 
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Tabic  4.-  Continued 
(•)  Concluded 


ULy 

JOtfn 

X 

y 

Z 

dMte 

dzMy 

«3 

-.1441-01 

.1558-03 

-.4978+01 

.3278+01 

.2288+00 

•3 

-.1461-03 

.1808-01 

-.4358+01 

.3728+01 

-.7188+00 

<4 

-.1471-03 

.2078-03 

-.1708+01 

.4148+01 

-.2028+01 

63 

1488-03 

.2358-03 

.3768+01 

.4388+01 

-.3818+01 

66 

-. 1498-03 

.2648-03 

.1458+02 

.3298+01 

-.7288+01 

67 

-.1758-03 

.5818-04 

.9508+01 

.2268+01 

.1488+01 

66 

-.1778-03 

.'768-04 

.7078+01 

.2078+01 

.1388+01 

69 

-.1798-03 

.+028-03 

.4978+01 

.1978+01 

.1158+01 

70 

-.1618-03 

.1258-03 

.3438+01 

.1938+01 

.7488+00 

71 

-.1848-03 

.1498-03 

.2758+01 

.1908+01 

.1628+00 

72 

-.1868-03 

.1768-03 

.3438+01 

.IK  +01 

-.7608+00 

73 

-.1888-01 

.1988-03 

.52S8+01 

.1778+01 

-.1608+01 

74 

-.1901-03 

.2248-03 

.9138+01 

.1568+01 

-.2828+01 

75 

-.1918-03 

.2518-03 

.1538+02 

.1078+01 

-.4258+01 

76 

-.1928-03 

.2768-03 

.2438+02 

.5048-01 

-.6068+01 

77 

-.1938-03 

.3068-03 

.4018+02 

-.4218+01 

-.1098+02 

78 

-.2258-03 

.9808-04 

.1008+02 

.1238+01 

.1558+01 

79 

-.2268-03 

.1218-03 

.7778+01 

.6318+00 

.1108+01 

60 

-.2268-03 

.1458-03 

.6388+01 

. 5018+00 

.5748+00 

81 

-.2308-01 

.1698-03 

.6008+01 

.1908+00 

-.9508-01 

62 

-.2318-03 

.1938-03 

.6798+01 

-.1588+00 

-.8638+00 

83 

-.2348-03 

.2218-03 

.9308+01 

-.6258+00 

-.1868+01 

84 

-.2358-03 

.2438-03 

.1248+02 

-.1158+01 

-.2618+01 

65 

-.2368-03 

.2688-03 

.1748+02 

-.1938+01 

-.3548+01 

86 

-.2378-03 

.2948-03 

.2398+02 

-.3048+01 

-.4478+01 

87 

-.2388-03 

.3208-03 

.3218+02 

-.4728+01 

-.5518+01 

88 

-.2388-03 

.3478-03 

. 4548+02 

-.9698+01 

-.9518+01 

89 

-.2758-03 

.1438-03 

.5498+01 

-.1058+01 

.1278+01 

90 

-.2768-03 

.1678-03 

.3898+01 

-.1538+01 

.6068+00 

91 

-.2778-03 

.1918-03 

.3338+01 

-.1988+01 

-.3688-01 

92 

-.2798-03 

.2158-03 

.3828+01 

-.243r  01 

-.6998+00 

93 

-.2808-03 

.2388-03 

.5318+01 

-.2958+01 

-.1338+01 

94 

-.2818-03 

.2668-03 

.8108+01 

-.3628+01 

-.1988+01 

95 

-.2828-03 

.2878-03 

.1098+02 

-.4278+01 

-.23284  21 

96 

-.2838-03 

.3118-03 

.1468+02 

-.5188+01 

-.2628+01 

97 

-.2848-03 

.3361-03 

.1858+02 

-.6308+01 

-.2718+01 

98 

-.2848-03 

.3618-03 

.2258+02 

-.7738+01 

-.2608+01 

99 

-.2848-03 

.3868-03 

.2788+02 

-.1068+02 

-.4018+01 

100 

-.3258-03 

.1918-03 

-.5578+01 

-.3888+01 

.6228+00 

101 

-.3268-03 

.2148-03 

-.6158+01 

-.4118+01 

.1018-01 

102 

-.3268-03 

.2388-03 

-.5988+01 

-.4438+01 

-.4698+00 

103 

-.3278-03 

.2618-03 

-.5158+01 

-.4788+01 

-.8518+00 

104 

-.3288-03 

.2848-03 

-.3858+01 

-.5178+01 

-.1108+01 

105 

-.3298-03 

.3138-03 

-.1948+01 

-.5748+01 

-.1178+01 

106 

-.3298-03 

.3308-03 

-.9018+00 

-.6118+01 

-.1038+01 

107 

-.3308-03 

.3548-03 

.3178-01 

-.6688+01 

-.5678+00 

108 

-.3308-03 

.3778-03 

-.6978-01 

-.7368+01 

.2458+00 

109 

-.3318-03 

.4018-03 

-.1918+01 

-.8258+01 

.1508+01 

110 

-.3318-03 

.4248-03 

-.6708+01 

-.9658+01 

.2818+01 

111 

-.3738-03 

.2408-03 

-.2118+02 

-.5718+01 

.2958-01 

112 

-.3738-03 

.2638-03 

-.2078+02 

-.5568+01 

-.4308+00 

113 

-.3748-03 

.2858-03 

-.2028+02 

-.5638+01 

-.5948+00 

114 

-.3748-01 

.3078-03 

-.1958+02 

-.5728+01 

-.6098+00 

115 

-.3758-03 

.3298-03 

-.1898+02 

-.5808+01 

-.4298+00 

116 

-.3768-03 

.3578-03 

-.1908+02 

-.5908+01 

.2328+00 

117 

-.3768-01 

.3738-03 

-.1978+02 

-.5968+01 

.8728+00 

118 

-.-.768-03 

.3958-03 

-.2238+02 

-.6028+01 

.2218+01 

119 

-.3778-03 

.4178-03 

-.2748+02 

-.6068+01 

.4388+01 

120 

-.3778-01 

.4408-03 

-.3758+02 

-.6098+01 

.8468+01 

121 

-.3778-03 

.4628-03 

-.7098+02 

-.8638+01 

.2968+02 

f. 

r 


j. 


Table  4.-  Continued 


(f)  Node  4,  f(  •  140.2004  Ha 


I  ■  jrd 

JOOn 

X 

y 

2 

dzAJx 

dz/dy 

1 

.2244+00 

.9094+00 

-.4544-01 

-.110442 

-.240441 

2 

.2534+00 

.4214+00 

-.4054-02 

-.300443 

-.594042 

3 

0.  • 

0.  * 

0.  * 

0.  * 

4 

0.  • 

0.  » 

0.  * 

0.  + 

S 

0.  * 

0.  * 

0.  » 

0.  + 

1 

0.  * 

0.  * 

0.  + 

0.  + 

7 

0.  * 

0.  * 

0.  * 

0.  * 

• 

0.  * 

0.  » 

0.  * 

0.  * 

• 

0.  * 

0.  * 

0.  * 

0.  • 

10 

-.4424+00 

-.1494+01 

-.5324-02 

.315442 

.675842 

11 

-.9244+00 

-.3024+01 

-.9131-01 

.706441 

.355441 

12 

.4734+00 

.5424+00 

.4304-02 

.512442 

-.151442 

13 

.5554+00 

.2544+00 

.7454-02 

.447442 

-.479444 

14 

.4444+00 

.2054+00 

.7334-02 

.444402 

.460443 

IS 

.4014+00 

.9724-01 

.614442 

.309442 

.061043 

it 

.3724+00 

-.2944-01 

.4454-02 

.200442 

.106442 

17 

.3714+00 

-.2004+00 

.2694-02 

.103442 

.100442 

10 

.4094+00 

-.5034+00 

.1044-02 

.766443 

.742443 

1» 

.5214+00 

-.9324+00 

.6744-03 

.209443 

.501444 

20 

.5454+00 

-.1954+01 

.2544-02 

.139442 

-.975443 

21 

.5404+00 

-.3104+01 

.1064-01 

.621442 

-.419042 

22 

.3474+00 

-.4344+01 

.3494-01 

.204441 

-.159441 

23 

.1054+01 

.42(4+00 

.2434-01 

.0000-02 

.209442 

24 

.1054+01 

.3444+00 

.2394-01 

.6790-02 

.212842 

2S 

.1044+01 

.1744+00 

.1494-01 

.529442 

.293842 

26 

.1044+01 

-.1014+00 

.129441 

.350442 

.315442 

27 

.1144+01 

-.4744+00 

.702442 

.192442 

.206442 

24 

.1234+01 

-.9414+00 

.2261-02 

.472443 

.204842 

» 

.1344+01 

-.1404+01 

-.104443 

-.011443 

.420443 

30 

.1524+01 

-.2474+01 

.235442 

-.215442 

-.277842 

31 

.1574+01 

-.3444+01 

.156441 

-.497442 

-.104841 

32 

.1534+01 

-.4544+01 

.603441 

-.166441 

-.331441 

33 

.1494+01 

-.5734+01 

.3634+00 

-.1630+00 

-.2158+00 

34 

.1904+01 

.4374+00 

.4294-01 

.0758-42 

.710842 

35 

.2014+01 

.1454+00 

.293441 

.449442 

.611442 

34 

.2114+01 

-.2724+00 

.177441 

.2330-42 

.569442 

37 

.2224+01 

-.4004+00 

.754442 

.6708-03 

.472442 

34 

.2354+01 

-.1434+01 

-.453443 

-.600443 

.336447 

39 

.2514+01 

-.2214+01 

-.560442 

-.207442 

.146842 

40 

.2444+01 

-.3044+01 

-.633442 

-.392442 

-.109442 

41 

.2734+01 

-.4004+01 

-.562443 

-.7670-42 

-.559842 

42 

.2744+01 

-.5044+01 

.174441 

-.166441 

-.141841 

43 

.2404+01 

-.4214+01 

.632441 

-.413441 

-.336841 

44 

.2794+01 

-.7444+01 

.309C+00 

-.2010+00 

-.1778+00 

4S 

.3334+01 

-.7354-02 

.290441 

.259442 

.924442 

44 

.3474+01 

-.5524+00 

.135441 

-.912444 

.6018-02 

47 

.3404+01 

-.1214+01 

.163442 

-.6100-03 

.520842 

44 

.3744+01 

-.1954+01 

-.716442 

-.115442 

.371442 

49 

.3494+01 

-.2774+01 

-.131441 

-.154842 

.225442 

SO 

.4034+01 

-.3704+01 

-.166441 

-.247042 

.027443 

SI 

.4144+01 

-.4434+01 

-.174441 

-.425442 

-.403443 

52 

.4234+01 

-.5444+01 

-.150441 

-.776042 

-.169442 

53 

.4294+01 

-.4414+01 

-.125441 

-.137041 

-.179442 

54 

.4324+01 

-.4014+01 

-.109441 

-.227441 

.232442 

55 

.4334+01 

-.9244+01 

-.239441 

-.360841 

.235841 

54 

.5144+01 

-.9374+00 

.145442 

-.161042 

.493442 

57 

.5244+01 

-.1704+01 

-.670402 

-.604443 

.321442 

54 

.5404+01 

-.2534+01 

-.120441 

.550443  • 

.216842 

59 

.5534+01 

-.3414+01 

-.150441 

.141842 

.161842 

40 

.5444+01 

-.4354+01 

-.100441 

.103442 

.141442 

41 

.5744+01 

-.5434+01 

-.2190-01 

.176842 

.172442 

wsArifw  rw  i‘  ;Tf 
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Table  «.-  Concluded 
( t )  Concluded 


IrJnt 

JOfu 

X 

y 

Z 

dzAtx 

dzty 

*2 

.5688+01 

-.6408+01 

-.2518-01 

.1648-02 

.2408-02 

63 

.5978+01 

-.7518+01 

-.3048-01 

.1798-02 

.4238-02 

<4 

.6018+01 

-.8688+01 

-.3938-01 

.3718-02 

.7688-02 

IS 

.6078+01 

-.9908+01 

-.5478-01 

.9818-02 

.1378-01 

M 

.6098+01 

-.1128+02 

-.9208*01 

.3098-01 

.3658-01 

67 

.7208+01 _ 

->2208+01 

-.5488-02 

.3078-02 

-.4408-03 

$6 — -.7308+01 

-.1188+01 

-.5058-02 

.4988-02 

-.2178-03 

61 

.7408+01 

-.4138+01 

-.5338-02 

.6338-02 

.4*06-03 

70 

.7508+01 

-.5128+01 

-.1788-02 

.6978-02 

.1248-02 

71 

.7618+01 

-.6148+01 

-.9368-02 

.7258-02 

.1968-02 

72 

.7738+01 

-.7348+01 

-.1338-01 

.7568-02 

.2658-02 

71 

.7618+01 

- .6308+01 

-.1678-01 

.1268-02 

.2778-02 

74 

.7898+01 

-.9438+01 

-.1998-01 

.9728-02 

.2308-02 

75 

.7958+01 

-.1068+02 

-.2008-01 

.1198-01 

-.3128-04 

71 

.7988+01 

-.1188+02 

-.1108-01 

.1358-01 

-.6858-02 

77 

.8008+01 

-.1318+02 

.3958-01 

-.2248-02 

-.3538-01 

78 

.9378+01 

-.3958+01 

.2208-01 

.1208-01 

.2798-03 

79 

.9458+01 

-.4958+01 

.2068-01 

.1098-01 

.1328-02 

80 

.9528+01 

-.5978+01 

.1778-01 

.1028-01 

.2518-02 

81 

.9618+01 

-.7018+01 

.1358-01 

.9218-02 

.3038-02 

82 

.9708+01 

-.8078+01 

.9088-02 

.8218-02 

.2628-02 

81 

.9798+01 

-.9308+01 

.5648-02 

.7228-02 

.1418-02 

84 

.9868+01 

-.1038+02 

.5508-02 

.6378-02 

-.5488-03 

85 

.9928+01 

-.1148+02 

.1028-01 

.4938-02 

-.4478-02 

86 

.9978+01 

-.1258+02 

.2338-01 

.1598-02 

-.1096-01 

87 

.1008+02 

-.1378+02 

.5128-01 

-.7258-02 

-.2208-01 

88 

.1008+02 

-.1498+02 

.1458+00 

-.5838-01 

-.7868-01 

89 

.1168+02 

-.5888+01 

.5168-01 

.1306-01 

.6608-02 

90 

.1178+02 

-.6928+01 

.4068-01 

.8578-02 

.6328-02 

91 

.1178+02 

-.7978+01 

.3098-01 

.5808-02 

.5978-02 

92 

.1188+02 

-.9038+01 

.2278-01 

.3428-02 

.4748-02 

93 

.1198+02 

-.1018+02 

.1698-01 

.1188-02 

.2838-02 

94 

.1198+02 

-.1138+02 

.1458-01 

-.1368-02 

-.1828-03 

95 

.1208+02 

-.1228+02 

.1648-01 

-.3848-02 

-.2678-02 

96 

.1208+02 

-.1338+02 

.2326-01 

-.7458-02 

-.6018-02 

97 

.1208+02 

-.1448+02 

.3498-01 

-.1248-01 

-.8908-02 

98 

.1218+02 

-.1568+02 

.4988-01 

-.1688-01 

-.9738-02 

99 

.1218+02 

-.1678+02 

.5268-01 

-.2188-01 

.1998-02 

100 

.1398+02 

-.7998+01 

.4038-01 

.1828-02 

.1068-01 

101 

.1398+02 

-.9038+01 

.2418-01 

-.2408-02 

.8738-02 

102 

.1398+02 

-.1018+02 

.1198-01 

-.4878-02 

.6828  02 

103 

.1408+02 

-.1118+02 

.2948-02 

-.6958-02 

.4598-02 

104 

.1408+02 

-.1218+02 

-.2518-02 

-.8968-02 

.2308-02 

105 

.1418+02 

-.1348+02 

-.4648-02 

-.1158-01 

-.4418-03 

106 

.1418+02 

-.1428+02 

-.3738-02 

-.1308-01 

-.1598-02 

107 

.1418+02 

-.1528+02 

-.6488-03 

-.1498-01 

-.2478-02 

108 

.1418+02 

-.1638+02 

.  3628-02 

-.1568-01 

-.2178-02 

109 

.1418+02 

-.1738*02 

.7948-02 

-.1208-01 

.2288-03 

110 

.1418+02 

-.1648+02 

.3218-02 

.1438-01 

.2418-01 

111 

.1608+02 

-.1028+02 

-.1388-01 

-.1048-01 

.7048-02 

112 

.1608+02 

-.1128+02 

-.2618-01 

-.1186-01 

.6618-02 

113 

.1608+02 

-.1228+02 

-.3538-01 

-.1288-01 

.4958-02 

114 

.1618+02 

-.1318+02 

-.4178-01 

-.1378-01 

.3088-02 

115 

.1618+02 

-.1418+02 

-.4538-01 

-.1468-01 

.1388-02 

116 

.1618+02 

-.1548+02 

-.4718-01 

-.1588-01 

-.9628-04 

117 

.1628+02 

-.1618+02 

-.4688-01 

-.1678-01 

-.9808-03 

118 

.1628+02 

-.1718+02 

-.4398-01 

-.1648-01 

-.3198-02 

119 

.1628+02 

-.1818+02 

-.3338-01 

-.2178-01 

-.1048-01 

120 

.1628+02 

-.1918+02 

.7098-02 

-.2978-01' 

-.3888-01 

121 

.1628+02 

-.2018+02 

.3628+00 

-.5418-02 

-.3328+00 

i 
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NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
TECHNICAL  NOTE  D-l6l6 

MEASURED  AND  CALCULATED  SUBSONIC  AND  TRANSONIC 

FLUTTER  CHARACTERISTICS  OF  A  45°  SWEFTBACK  WING  PLANFORM 

IN  AIR  AND  IN  FREON- 12  IN  THE  LANGLEY 

TRANSONIC  DYNAMICS  TUNNEL 

By  E.  Carson  Yates,  Jr.,  Norman  S.  Land, 
and  Jerome  T.  Foughner,  Jr. 

SUMMARY 


In  order  to  Investigate  the  reliability  of  flutter  data  measured 
in  the  Langley  transonic  dynamics  tunnel,  an  experimental  and  theoretical 
subsonic  and  transonic  flutter  study  has  been  conducted  in  air  and  in 
Freon- 12  in  this  facility.  The  wing  planform  employed  had  an  aspect 
ratio  of  4.0,  a  taper  ratio  of  0.6,  and  45°  of  quarter-chord  sweepback. 

A  sting-mounted  full-span  model  was  tested  in  addition  to  three  sizes  of 
wall-mounted  semispan  models.  A  wide  range  of  mass  ratio  was  covered  by 
the  tests  in  air  and  by  flutter  calculations  made  by  the  modified  strip- 
analysis  method  of  NACA  Research  Memorandum  L57L10.  A  limited  amount  of 
data  was  obtained  in  Freon- 12. 

Results  of  the  tests  in  air  and  in  Freon- 12  are  in  good  agreement 
with  the  flutter  calculations  at  all  Mach  numbers.  The  test  data  com¬ 
pare  favorably  with  previously  published  transonic  flutter  data  for  the 
same  wing  planform.  The  results  indicate  that  flutter  characteristics 
obtained  in  Freon- 12  may  be  interpreted  directly  as  equivalent  flutter 
data  in  air  at  the  same  mass  ratio  and  Mach  number. 


INTRODUCTION 


In  order  to  investigate  the  reliability  of  subsonic  and  transonic 
flutter  data  obtained  in  the  Langley  transonic  dynamics  tunnel,  it  is 
desirable  to  compare  flutter  data  obtained  in  this  facility  with  flutter 
data  from  another  facility  and  with  the  results  of  proven  theoretical 
methods.  This  report  shows  such  comparisons  for  a  moderately  swept, 
moderately  tapered,  wing  planform  that  has  been  the  subject  of  previous 
extensive  experimental  and  theoretical  flutter  investigations.  Since 
the  Langley  transonic  dynamics  tunnel  is  designed  to  use  either  air  or 
Freon- 12  as  a  testing  medium,  flutter  results  were  obtained  in  both 
media.  At  a  given  temperature  and  pressure,  Freon-12  is  about  four  times 
as  dense  as  air  and  has  a  speed  of  sound  55  percent  lower  than  that  for 
air.  For  dynamic  testing,  these  properties  make  Freon- 12  an  attractive 
alternate  to  air  for  the  following  reasons:  (l)  A  given  mass-density 
ratio  may  be  attained  with  heavier  models,  (2)  data  readout  and  test 
observation  are  simplified  because  of  slower  time  scale,  and  (3)  at  a 
given  Mach  number,  much  greater  fluid  density  may  be  used  with  a  given 
amount  of  drive-motor  power. 
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The  possibilities  of  using  Freon- 12  as  a  fluid  for  aerodynamic 
testing  have  been  examined  in  reference  1  where  the  thermodynamic  prop¬ 
erties  were  investigated.  Reference  2  shows  comparisons  of  steady-flow 
aerodynamic  coefficients  measured  in  Freon- 12  and  in  air  for  both  Bwept 
and  unswept  wings.  Freon- 12  was  used  as  a  medium  for  dynamic  testing 
in  reference  3  where  an  experimental  and  analytical  investigation  of  the 
flutter  of  sweptback  cantilever  wings  is  reported. 

The  models  tested  in  the  present  investigation  had  a  panel  aspect 
ratio  of  1.6525>  a  panel  taper  ratio  of  0.6576#  a  quarter-chord  sweep- 
back  angle  of  45°,  and  RACA  65A004  airfoil  sections  in  the  streemwise 
direction.  Reference  4  presents  transonic  flutter  characteristics  of 
this  wing  planform  as  obtained  in  the  Langley  transonic  blowdown  tunnel. 
References  5  to  7  present  subsonic#  transonic,  and  supersonic  flutter 
characteristics  for  this  wing  planform  as  calculated  by  the  modified 
strip-analysis  method  of  reference  5#  and  good  agreement  is  shown  with 
the  experimental  data  of  reference  4. 

Results  of  the  present  flutter  tests  in  air  at  Mach  numbers  from 
0.34  to  1.14  are  also  compared  with  corresponding  calculations  made  by 
the  method  of  reference  5  and  with  the  experimental  data  of  reference  4. 
A  limited  amount  of  flutter  data  measured  in  Freon- 12  at  Mach  numbers 
from  0.73  to  1.00  is  compared  with  similar  calculations. 

A  comparison,  based  on  a  limited  amount  of  data,  was  obtained  in 
air  between  flutter  characteristics  of  wall-mounted  semispan  models  and 
sting-mounted  full-span  models  at  low  Mach  numbers. 


SYMBOLS 


ac  Q  nondlmenslonal  distance  from  midchord  to  local  aerodynamic 
J,‘  center  (for  steady  flow)  measured  perpendicular  to  elastic 

axis,  positive  rearward,  fraction  of  semichord  measured 
perpendicular  to  elastic  axis  (called  acn  in  refs.  5  to  7) 

bB  streamwise  semichord  measured  at  wing  root 

b<t  streamwise  semichord  measured  at  wing  tip 

cj  local  lift-curve  slope  for  a  section  normal  to  elastic  axis 

a»n  in  steady  flow 

cn  section  normal- force  coefficient 

“  cQjF  -  cn,A 

El  bending  stiffness 

GJ  torsional  stiffness 

t 

f.  .  natural  frequency  of  wing  in  ith  coupled  bending  mode 
n,  1 

f .  .  natural  frequency  of  wing  in  Jth  coupled  torsion  mode 

t,  J 

fa  natural  frequency  of  wing  in  first  uncoupled  torsion  mode 


3? 


Itjjj.  reduced  frequency  based  on  velocity  component  normal  to  elastic 

axis  and  on  semichord  normal  to  elastic  axis  at  0.75  spanvise 
station 

M  Mach  number 

m  measured  wing  panel  mass 

q  dynamic  pressure 

s  wing  panel  span 

V  stream  velocity 

v  volume  of  a  conical  frustum  having  streamwise  root  chord  as 

lower  base  diameter,  streamwise  tip  chord  as  upper  base 
diameter,  and  panel  span  as  height 

r|  nondimens ional  coordinate  along  elastic  axis  measured  from 

wing  root,  fraction  of  elastic  axis  length 

Aea  sweep  angle  of  wing  elastic  axis,  positive  for  Bweepback 

U  mass  ratio, 

p  test-medium  mass  density 

m  flutter  frequency 

natural  circular  frequency  of  wing  in  first  uncoupled  torsion 
mode,  2itfa 


Subscripts: 

A  air 

F  Freon- 12 

calc  calculated 

meas  measured 


MODELS 


Model  Geometry 

The  models  tested  had  a  panel  aspect  ratio  of  1. 6525,  a  panel  taper 
ratio  of  0.6576,  a  quarter-chord  sweepback  angle  of  45°,  and  NACA  65A004 
airfoil  sections  in  the  streamwise  direction.  These  values  of  panel 
aspect  ratio  and  panel  taper  ratio  coincide  with  those'  of  reference  4 
and  correspond  to  a  full-span  wing  of  aspect  ratio  4.0  and  taper  ratio  0.6 
which  is  mounted  on  a  fuselage  that  covers  21. 90  percent  of  the  wing  span. 
Figure  1  gives  the  wing  panel  dimensions  of  the  sting-mounted  full-span 
model  and  of  the  three  sizes  of  wall-mounted  semispan  models  employed  in 
this  investigation.  The  full-span  model  was  mounted  at  0°  incidence  on 
an  8- inch-diameter  ogive- cylinder  fuselage.  The  ratio  of  fuselage  diam- 
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eter  to  wing  span  for  this  model  was  0.22,  the  same  as  for  the  models 
of  reference  4.  Figure  2  shows  the  J. 00-foot  full-span  (1.167-foot 
panel  span)  model  mounted  on  the  fuselage.  It  should  be  noted  particu¬ 
larly  that  the  present  full-span  model  had  a  fuselage  of  limited  nose 
length,  whereas  the  models  of  reference  4  were  mounted  on  an  elongated 
ating  fuselage  that  extended  into  the  subsonic  flow  region  of  the  tunnel 
entrance  cone. 


Model  Construction 

The  models  were  constructed  of  laminated  mahogany  and  hence  were 
essentially  homogeneous  like  those  of  reference  4.  Figure  2  shows  a 
photograph  of  the  solid  full- span  model  and  figure  3  shows  a  typical 
solid  semispan  model. 

In  order  to  obtain  flutter  throughout  the  tunnel  Mach  number  and 
density  ranges,  it  was  necessary  to  reduce  the  stiffness  of  some  of  the 
models.  Six  of  the  2. 500- foot  wall-mounted  semispan  models  were  reduced 
in  stiffness  by  drilling  holes  through  the  wing  normal  to  the  chord  plane, 
as  described  In  reference  8.  A  rigid  foam  plastic  was  used  as  a  filler 
to  maintain  aerodynamic  continuity  without  appreciably  altering  the 
stiffness  of  the  perforated  wing.  A  model  in  which  the  stiffness  was 
reduced  in  this  manner  is  referred  to  herein  as  a  weakened  model.  (See 
figs.  4  and  5* ) 


Model  Identification 

The  models  tested  are  divided  into  sting-mounted  full-span  model 
and  wall-mounted  semispan  models.  Only  a  single  full-span  model  (fig.  1) 
vet  tested.  The  wall-mounted  semispan  models  are  subdivided  into  solid 
models  of  1.250- foot,  2. 500- foot,  and  3- 750- foot  panel  span;  and  weakened 
models  of  2. 500- foot  panel  span.  In  only  two  cases,  the  2. 500- foot  solid 
and  weakened  semispan  series,  were  more  than  one  model  tested.  Individ¬ 
ual  models  of  these  two  series  are  designated  in  the  tables  by  numbers. 
Due  to  close  similarity  of  the  model  properties  in  these  Beries,  no  dis¬ 
tinction  is  made  between  individual  models  in  the  figures. 


Model  Physical  Properties 

Some  model  physical  properties  are  indicated  in  table  I  which  "re¬ 
sents  the  measured  frequencies  of  the  first  four  vibrational  modes  for 
each  model  together  with  the  wing  panel  mass.  A  description  of  the  method 
of  frequency  measurement  is  given  in  reference  9*  Representative  node- 
line  patterns  for  all  the  semispan  models  and  for  the  full-span  model 
are  shown  in  figures  6  and  7,  respectively. 

The  distributions  of  the  bending  and  torsional  stiffnesses,  El 
and  GJ,  for  all  of  the  models  were  measured  by  the  method  described  in 
reference  8.  Figures  8  to  10  show  the  measured  distributions  of  El 
and  GJ  for  representative  models. 
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TONMJL  AHD  APPARATUS 


General  Description  of  Tunnel 

The  Langley  transonic  dynamics  tunnel,  shown  In  figure  11,  Is  a 
return-flow,  variable-pressure,  slotted- throat  tunnel  having  a  test 
section  l£  feet  square  (with  cropped  corners).  It  is  capable  of  opera¬ 
tion  at  stagnation  pressures  from  near  vacuum  to  slightly  above  one 
atmosphere  and  at  Mach  numbers  from  0  to  1.2.  The  tunnel  is  designed 
to  use  either  air  or  freon- 12  as  the  test  medium.  Curves  shoving  the 
tunnel  operating  ranges  a re  presented  In  figure  12  for  air  and  in  fig¬ 
ure  13  for  freon-12.  Uhls  tunnel  is  particularly  suited  to  flutter 
t  research  and  general  dynamic  testing  because  Mach  number  and  dynamic 

pressure  can  be  varied  Independently.  In  addition,  the  tunnel  is  equipped 
v  with  a  quick-opening  bypass  valve  (fig.  11)  which  can  be  opened  when 

flutter  occurs  in  order  to  reduce  rapidly  the  dynamic  pressure  in  the 
test  section. 


Model  Mounts 

The  semispan  models  were  mounted  cantilevered  from  the  tunnel  test- 
>  section  wall  with  no  provision  made  to  avoid  the  wall  boundary  layer. 

Figure  5  is  a  photograph  of  a  weakened  semispan  model  mounted  In  the  tun¬ 
nel  In  this  manner. 

.  The  full- span  model  was  sting-mounted  and  located  on  the  tunnel  cen¬ 

ter  line.  The  fundamental  bending  frequency  of  the  sting  support  with 
model  installed  was  3.6  cycles  per  second  as  compared  with  the  lowest 
model  frequency  (first  bending)  of  JO. 6  cycles  per  Becond. 


Instrumentation 

Each  model  was  instrumented  with  strain  gages  externally  mounted 
near  the  wing  root  and  oriented  so  as  to  distinguish  between  wing  bending 
and  torsional  deflections.  Hie  strain-gage  signals  were  recorded  on  a 
multichannel  oscillograph  and  displayed  on  a  cathode-ray  oscilloscope  to 
aid  the  model  observer  in  determining  the  approach  of  flutter.  Visual 
records  of  wing  deflections  were  obtained  from  l6-nsn  motion  pictures 
taken  at  126  frames  per  second.  During  tests  of  the  sting-mounted  full- 
span  model,  sting  displacements  were  indicated  by  an  accelerometer 
attached  to  the  fuselage. 

Tunnel  stagnation  temperature,  stagnation  pressure,  and  static 
pressure  were  measured  and  automatically  tabulated  for  each  test  point. 
For  tests  in  Freon- 12,  the  Freon  purity  was  measured  by  a  purity  meter 
based  on  the  variation  of  thermal  conductivity  with  the  Freon  content 
of  the  testing  medium.  For  the  present  tests.  Freon- 12  purity  was  always 
above  91  percent  by  volume  (or  96  percent  by  weight). 


FLUTTER  TEST  PROCEDURE 


The  tests  were  conducted  with  the  model  set  at  a  condition  of  zero 
total  lift.  This  setting  was  attained  by  monitoring  the  oscillograph 
traces  of  the  bending-moment  gages  while  the  tunnel  was  at  a  low  dynamic 
pressure  and  adjusting  the  model  angle  of  attack  so  that  the  root  bending 
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moment  vu  tero. 

The  Initial  step  in  obtaining  a  flutter  point  was  to  estimate  the 
model  flutter  boundary  by  using  the  data  of  reference  4  as  a  guide.  A 
tunnel  stagnation  pressure  was  then  selected  to  intersect  this  estimated 
boundary  near  a  desired  Mach  number.  Model  data  and  tunnel  conditions 
were  recorded  at  Intervals  as  the  dynamic  pressure  was  slowly  Increased. 
After  a  flutter  condition  was  established,  an  attempt  was  made  to  save 
the  model  by  reducing  the  dynamic  pressure  as  quickly  as  possible  by 
opening  the  tunnel  bypass  valve  and  by  reducing  the  tunnel  fan  speed. 
These  attempts  were  successful  to  the  extent  that  only  seven  models  were 
damaged  in  obtaining  25  flutter  points. 

The  accuracy  of  determining  the  dynamic  pressure  at  flutter  in  these 
tests  is  considered  to  be  ±2  pounds  per  square  foot. 


FUOTBR  CALCULATIONS 


All  flutter  calculations  of  this  Investigation  were  made  by  the 
modi fied-strip- analysis  method  of  references  5  and  6.  This  method  employs 
spanwiee  distributions  of  lift  and  pitching  moment  derived  from  distribu¬ 
tions  of  aerodynamic  parameters  associated  with  the  undeformed  wing  in 
steady  flow. 

In  all  the  present  calculations,  three  calculated  uncoupled  vibra¬ 
tional  modes  (first  and  second  bending  and  first  torsion)  were  employed. 
The  modal  frequencies  (table  I)  for  each  model,  however,  were  obtained 
from  measured  coupled-mode  frequencies.  As  in  the  procedure  of  refer¬ 
ence  4,  measured  frequencies  for  coupled  bending  modes  were  used  directly 
aa  uncoupled  bending-mode  frequencies.  Measured  coupled  torsion-mode 
frequencies  were  "uncoupled"  by  means  of  the  relation  used  in  reference  4. 
The  node- line  positions  for  the  present  models  (figB.  6  and  7)  indicate 
that  the  natural  modes  for  these  models  are  not  highly  coupled;  there¬ 
fore,  this  procedure  should  give  reasonably  accurate  estimates  of  the 
uncoupled- mode  frequencies. 

As  mentioned  previously,  the  unweakened  (solid)  models  were  of 
essentially  homogeneous  construction.  Although  the  weakened  models  were 
not  homogeneous,  the  foam- plastic- filled  holes  in  them  were  spaced  fairly 
uniformly  over  the  wing  surface.  Accordingly,  all  models  were  treated 
as  homogeneous  in  the  flutter  calculations. 

In  all  calculations  the  models  were  considered  to  be  cantilevered 
from  the  root.  This  condition  should  he  correct  for  the  wall-mounted 
models,  but  some  root  motion  did  occur  for  the  sting-mounted  model. 


Calculations  Corresponding  to  Tfests  in  Air 

For  each  flutter  point  measured  in  air  at  Mach  number  less  than  1.0, 
the  corresponding  flutter  calculation  was  based  on  the  mass  and  stiffness 
properties  of  the  model  tested  and  on  the  experimental  values  of  Mach 
number  end  flow  density.  In  these  calculations  the  required  s panvise 
distributions  of  steady- flow  section  lift-curve  slope  and  local  aero¬ 
dynamic  center  were  calculated  from  subsonic  lifting- surface  theory, 
essentially  that  of  reference  10.  In  addition  to  the  subsonic  calcula¬ 
tions,  a  calculation  was  made  for  model  5  of  the  2. 500- foot  weakened 
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series  at  a  Mach  matter  of  ■  1. 19470  and  at  tte  density  associated 

& 

with  tte  aeasured  flutter  point  at  M  ■  1.141.  Aerodynamic  parameters 
for  this  calculation  were  obtained  from  tte  supersonic  lifting- surface 
theory  of  reference  11. 

Xn  addition  to  these  theoretical  aerodynamic  parameters,  some  exper- 
laentally  determined  distributions  of  section  lift- curve  slope  and  local 
aerodynamic  center  were  used  In  flutter  calculations  at  Mach  numbers 
from  0.6  to  1.2.  These  measured  aerodynamic  parameters  have  been  used 
previously  In  flutter  calculations  for  otter  wings  of  tte  present  plan- 
form  and  are  shown  in  figures  1  and  2  of  reference  6.  for  the  present 
flutter  calculations  employing  measured  aerodynamic  parameters,  tte 
densities  used  were  those  associated  with  the  experimental  flutter  point 
at  the  nearest  adjacent  Mach  number. 

finally,  aerodynamic  parameters  calculated  from  tte  subsonic  and 
supersonic  lifting- surface  theories  were  employed  In  flutter  calculations 
for  model  9  of  tte  2. 500- foot  weakened  aeries  at  Mach  numbers  of  0,  0.90, 

and  and  at  several  values  of  density  In  order  to  show  tte  variation 
of  flutter-speed  coefficient  with  density  (or  mus  ratio). 


Calculations  Corresponding  to  Tests  In  freon-12 

flutter  calculations  corresponding  to  flutter  points  measured  In 
freon- 12  followed  the  general  procedure  outlined  previously,  except  that 
tte  aerodynamic  parameters  were  modified  to  account  for  the  difference 
between  freon- 12  and  air.  Reference  2  showed  that  at  a  given  subsonic 
or  transonic  Nach  number,  steady-flow  aerodynamic  coefficients  measured 
In  freon- 12  can  be  significantly  higher  then  those  measured  in  air,  the 
differences  rising  to  about  10  percent  at  Nach  numbers  near  1.0.  In 
addition,  reference  2  showed  that  pitching  moment  and  normal  force  were 
affected  in  the  same  way  and  to  about  tte  same  extent.  The  differences 
between  air  and  freon- 12  thus  manifested  themselves  as  differences  In 
load  levels  but  did  not  change  loading  centers.  Accordingly,  In  the 
flutter  calculations  these  differences  between  air  and  freon- 12  were 
accounted  for  by  Increasing  the  section  lift-curve  slope  for  the  freon- 12 
calculations  by  a  fraction  which  varied  with  Nach  number  as  shown  for 
two-dimensional  wings  In  figure  16  of  reference  2.  In  accordance  with 
tte  aodlfled-strip- analysis  procedure  as  given  In  reference  5,  this  lift- 
curve- slope  correction  was  determined  by  the  Nach  number  component  normal 
to  tte  leading  edge.  No  alterations  were  made  In  the  aerodynamic-center 
locations.  Thus,  since  lift  and  normal  force  approach  each  other  at 
vanishingly  small  angles  of  attack,  the  corrections  of  the  aerodynamic 
parameters  used  In  the  flutter  calculations  for  freon- 12  were  made  as 
follows: 
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vbin  ^3-  ■  ■  ■  aA*  la  given  as  a  function  of  Mach  number  In  fig- 

Cn,T  Co^ 

un  lk  (from  fl|.  ]£  of  ref.  2). 


raaours  AID  DX9CU8SIC* 


The  flutter  date  measured  In  air  and  in  Freoa-12  for  all  aodala  ara 
summarised  la  tables  II  and  HI  and  ara  shown  In  relation  to  the  tunnel 
opa ratine  boundaries  In  figures  12  and  12.  It  Is  evident  that  a  number 
of  the  flutter  points  In  both  air  and  freon- 12  ware  reached  at  dynamic 
pressures  near  the  earl  nun  obtainable. 

The  ranees  of  anas  ratio  and  Mach  nunber  covered  in  the  present 
tests  both  in  air  and  In  Freoo-12  are  shown  in  figure  12*  Most  of  the 
points  shown  He  In  the  mass-ratio  range  8.  A  <  u  <69-1  and  hence 
would  be  pertinent,  for  example,  to  current  fighter-type  airplanes  at 
low  to  moderate  altitude.  On  the  other  hand,  the  comparatively  high 
mass  ratios  shown  for  the  2. 500- foot  weakened  models  In  air  would  be 
appropriate  for  modern  airplanes  at  very  high  altitude. 

Figure  l£  shows  the  measured  flutter-speed  coefficients  and  flutter- 
frequency  ratios  which  correspond  to  the  test  conditions  of  figure  12. 

The  flutter  speeds  and  frequencies  for  each  series  of  models  in  either 
air  or  Freon- 12  appear  to  be  consistent  among  themselves.  However,  large 
differences  exist  between  results  for  the  weakened  models  In  air  and  in 
Freon-12  and  between  results  for  the  weakened  and  solid  models  in  Freon- 12. 
The  sequel  will  show  that  these  differences  are  caused  primarily  by  dif¬ 
ferences  in  mass  ratio  (fig.  12). 


Air 

The  closeness  of  the  three  measured  flutter  points  at  Mach  numbers 
0.95  to  O.98  for  model  2  of  the  2.500-foot  veakened  semispan  series 
(fig.  16)  indicates  excellent  repeatability  of  the  present  flutter  tests 
in  the  transonic  dynamics  tunnel.  Furthermore,  the  flutter  points  for 
the  2.500-foot  solid  and  weakened  wall-mounted  models  are  close  together. 
Figure  lfi  shows  that  the  single  flutter  point  for  the  2«  750- foot  solid 
wall-mounted  model  is  In  close  proximity  to  the  data  for  the  2.500-foot 
solid  models.  Mo  flutter  was  obtained,  however,  on  the  1.250-foot  solid 
wall-mounted  model.  The  no-flutter  points  shown  for  this  model  represent 
the  iw-  'mum  tunnel  dynamic  pressure  attainable  in  air  (fig.  12). 

testa  of  the  2.500-foot  weakened  models  indicate  an  upturn  of  the 
flutter-speed-coefficient  curve  as  Mach  number  decreases  toward  0.2. 

This  upturn  is  attributed  to  the  accompanying  decrease  in  mass  ratio 
(fig.  15).  References  7  end  12  have  shown  that  for  a  given  Mach  number, 
flutter-speed  coefficient  typically  Increases  as  mass  ratio  decreases. 

* 

Figure  l£  shows  that  the  subsonic  flutter  speeds  recorded  for  the 
sting-mounted  full-span  model  compare  very  favorably  with  the  data  for 
the  wall-mounted  semispan  models.  Although  the  st^ug-mounted  model 
experienced  some  bounce  at  the  sting  first  bending  frequency  (5.6  cycles 
per  second),  +v  ’omponent  of  vlng-root  flutter  motion  at  the  flutter 
frmoue  /  (65  :s  per  second)  was  of  the  order  of  only  0.0025  Inch. 


Flutter  speed*  and  fteqpwolei  for  the  wall-aounted  aodels  cal- 
oulsted  bgr  the  astbod  of  refereaoe  3  sod  employing  both  theoretical  and 
aeaaured  steady  flow  aerodya— ; 1c  paraaeters  are  in  good  agreeaent  with 
the  experimental  flutter  data  throu#>out  the  Mach  nuaiber  range  (fig.  17). 
In  all  oases  the  nalftuUted  flutter-speed  coefficients  are  vlthln  about 

6  percent  of  the  measured  values.  In  reference  6,  flutter  calculations 
and*  by  the  ssae  procedure  eaployed  In  the  present  report  showed  good 
agreeaent  with  the  flutter  data  of  reference  b  for  the  seat  wing  plan- 
fora.  For  the  sting  aounted  aodel  the  calculated  flutter- speed  coeffi¬ 
cient  Is  slightly  higher  than  the  aeaaured  points,  lhe  fact  that  root 
freedoa  was  not  taken  Into  account  In  the  calculations  Is  believed  to 
effect  aoat  of  this  difference. 


Freon- 12 

Figure  lfl  shows  calculated  flutter  speeds  for  Freon-12  to  be  in 
satisfactory  agreeaent  with  aeasured  values,  although  there  are  sign  if - 
lcant  differences  between  the  levels  of  flutter- speed  coefficient  for 
weakened  end  solid  aodels.  It  should  be  pointed  out  that  the  experi¬ 
mentally  determined  aerodynamic  coefficients  used  In  some  of  the  flutter 
calculations  were  measured  on  6- percent- thick  wings  rather  then  on 
4- percent- thick  wings  which  were  flutter  tested.  (See  also  ref.  6. )  If 
distributions  of  section  aerodynamic  coefficients  were  available  for 
4-percent- thick  wings,  the  calculated  flutter  speeds  In  Freon- 12  and  In 
sir  would  be  expected  to  be  slightly  higher  at  Mach  numbers  near  1.0  and 
in  slightly  better  agreement  with  experiment.  Reference  6  indicates  that 
use  of  measured  aerodynamic  parameters  for  a  4- percent-thick  wing  might 
be  expected  to  result  In  a  somewhat  shallower  dip  In  the  calculated  flut¬ 
ter  speeds  for  Nach  numbers  near  1.0. 

The  reason  for  the  discrepancy  between  calculated  values  of  flutter 
speed  and  frequency  and  the  single  aeasured  flutter  point  at  Nach  num¬ 
ber  1.0  Is  not  known.  It  is  thought,  however,  that  the  low  level  of 
measured  flutter  speed  and  frequency  at  this  Nach  number  may  be  asso¬ 
ciated  with  disturbances  reflected  from  the  tunnel  walls. 

A a  mentioned  previously,  the  flutter  calculations  shown  in  fig¬ 
ure  lfl  included  a  small  modification  to  the  section  lift-curve  slopes 
In  order  to  account  for  the  difference  between  aerodynamic-load  Inten¬ 
sities  In  Freon-12  and  In  air.  Supplementary  calculations  have  shown 
that  neglecting  this  correction  would  result  In  calculated  flutter  speeds 
slightly  higher  (4  percent  or  lass)  than  those  shown  in  figure  10. 
Neglecting  this  correction  would  Improve  slightly  the  comparison  between 
calculated  and  measured  flutter  speeds  for  the  solid  wings  (fig.  lfl)  but 
would  have  a  slightly  adverse  effect  on  the  comparisons  for  the  weakened 
wings.  Therefore,  the  present  flutter  points  do  not  give  a  clear-cut 
Indication  of  the  appropriateness  of  this  correction.  In  any  event,  for 
subsonic  and  transonic  Mach  numbers  the  correction  appears  to  have  only 
a  small  effect  on  the  present  flutter  speeds.  It  appear*,  therefore, 
that  the  correction  may  be  reasonably  neglected  In  the  Interpretation 
of  Freon- 12  flutter  data  In  tezas  of  equivalent  air  data  for  planforas 
similar  to  the  present  one.  That  is,  flutter  data  obtained  in  Freon- 12 
may  be  Interpreted  directly  as  flutter  data  In  air  at  the  same  aass  ratio 
and  Nach  number.  This  direct  Interpretation  would  result  in  a  slightly 
conservative  estimate  of  the  flutter  boundary.  However,  for  purposes  of 
estimating  the  flutter  boundary  for  a  aodel  that  Is  to  be  tested  In  Freon, 
the  correction  probably  should  be  used. 
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It  should  ho  emphasised  that  thoao  statements  art  pertinent  only  to 
a  single  phenomenon  (flutter),  aad  tha  praaont  Investigation  la  Halted 
to  a  single  planform.  For  wings  with  planforms  significantly  different 
froa  tha  present,  ftor  higher  Mach  nuahera,  for  other  aerodynamic  shape  a, 
or  for  other  phsncasna,  some  correction  of  Freon  data  aay  be  required. 


Kffect  of  Mass  Ratio 

Figure  l£  above  that  at  a  given  Mach  nuaber,  significant  differences 
exist  In  the  levels  of  transonic  flutter-speed  coefficients  between  teate 
in  air  and  In  Freon-12  and  between  teats  of  aolld  aad  weakened  aodele  In 
Freon- 12.  The  good  agreeaent  between  calculated  end  measured  flutter 
•peeds  (figs.  17(a)  and  lfi(a)),  however,  Indicates  that  these  sleable 
differences  sxw  caused  predominantly  by  differences  in  nasa  ratio.  In 
spite  of  the  large  range  of  aaas  ratio  covered  by  the  present  teste, 
flutter  characteristics  aaasured  both  In  air  and  Freon- 12  are  satisfac¬ 
torily  correlated  by  the  aodlfled  strip  analysis  (fig.  19)* 

The  effects  of  aaas-ratlo  variation  on  subsonic  and  supersonic  flut¬ 
ter  characteristics  for  a  variety  of  wing  planforaa  have  been  studied 
theoretically  In  references  ^  and  12.  Similar  effects  of  aass  ratio  (or 
density)  art  shown  for  the  present  wings  in  figures  20  and  21.  It  should 
be  noted  specifically  In  figure  20  that  flutter- speed  coefficient  becomes 
very  sensitive  to  density  changes  when  the  density  level  la  low.  In 
other  words,  at  low  densities  small  discrepancies  In  density  can  lead  to 
large  deviations  In  flutter-speed  coefficient.  Therefore,  there  may  be 
reason  to  doubt  that  the  present  close  agreeaent  between  measured  and 
calculated  flutter  speeds  could  be  generally  obtained  at  the  low  density 
levels  associated  with  same  of  the  tests  In  sir.  However,  figure  21 
shows  that  the  flutter  reduced  frequency  for  a  given  wing  generally 
decreases  as  density  decreases.  As  Indicated  In  reference  5  the  flutter- 
analysis  msthod  employed  herein  would  be  expected  to  become  more  accurate 
as  reduced  frequency  decreases. 


Comparison  With  Data  From  the  Langley  Transonic  Blowdown  Tunnel 

In  figure  22  all  the  flutter  speeds  and  frequencies  measured  in  the 
Langley  transonic  dynamics  tunnel  are  compared  with  the  flutter  data  of 
reference  k  which  were  obtained  in  the  Langley  transonic  blowdown  tunnel. 
Although  the  data  from  the  two  facilities  overlap  only  In  the  transonic 
range,  the  two  sets  of  flutter  speeds  and  frequencies  appear  to  be 
generally  consistent  with  each  other.  At  Mach  numbers  below  1.0,  the 
mass  ratios  associated  with  the  data  of  reference  k  lie  between  those 
for  the  present  tests  of  the  2.500- foot  weakened  models  In  air  and  In 
Freon- 12  (fig.  22).  Consequently  moat  of  the  flutter-speed  points  from 
reference  *4  lie  near  or  between  the  curves  for  the  weakened  models  In 
air  end  In  Frew- 12.  At  Mach  numbers  above  1.0,  macs  ratios  for  the 
present  tests  In  air  In  the  transonic  dynamics  tunnel  are  much  higher 
than  those  for  the  tests  In  the  transonic  blowdown  tunnel;  therefore, 
the  present  flutter-speed  coefficients  are  lower  thrfn  those  from 
reference  k. 

The  consistency  of  the  present  data  with  those  of  reference  k 
(fig.  22)  is  supported  by  calculations  by  the  method  of  reference  5.  In 
particular,  these  calculations  (fig.  20)  indicate  that  for  a  given  Mach 
number,  lower  flutter- speed  coefficients  would  be  associated  with  higher 
mass-ratio  values.  (See  also,  for  example,  figs.  k8  and  59  of  ref.  7> ) 
The  calculations  also  Indicate  that  flutter-speed  coefficients  are  more 


43 

sensitive  to  aass-ratio  differences  at  auparaonlc  Mach  numbers  than  In 
th*  subsonic  rang*. 


CCMCLUSXCH8 


M  experimental  aubaonic  and  tranaoolc  f lutter  investigation  of  a 
sveptback  wing  planfom  has  baan  conducted  In  air  In  the  Iangley 
tranaonlc  dyneales  tunnel.  A  Hal  tad  Mount  of  data  was  alao  obtalnad 
In  Freon- 12.  Comparisons  of  tha  raaulta  with  eorraapoodlng  thacxatlcal 
analyses  and  with  experimental  raaulta  from  anothar  facility  lndlcata 
tha  following  cone lua Iona: 

1.  Flutter  data  ntaaurad  in  tha  Langley  tranaonlc  dynaalca  tunnal 
appear  to  be  generally  conalatant  with  flutter  data  obtalnad  In  the 
Langley  tranaonlc  blowdown  tunnel. 

2.  Subaonlc  and  tranaonlc  flutter  characterletlca  obtained  in 
Freon-12  aay  reaaonably  be  Interpreted  directly  aa  equivalent  flutter 
data  in  air  at  the  earn  aaaa  ratio  and  Mach  nuaber.  Thie  direct  Inter¬ 
pretation,  however,  would  result  In  a  slightly  conservative  estlaate  of 
the  flutter  boundary. 

3.  At  all  Mach  nuabers,  flutter  calculation*  aade  by  a  modlfied- 
atrip- analysis  Method  are  in  good  agreement  with  the  Measured  flutter 
data  In  both  air  and  Freon-12. 

4.  The  differences  between  subsonic  flutter  characteristics  Measured 
with  2. 500- foot  and  3.730-foot  wall- mounted  semispan  Models  are  Insig¬ 
nificant.  Subaonlc  flutter  characterletlca  for  the  sting- Mounted  full- 
span  Model  compare  favorably  with  the  flutter  data  for  the  wall-mounted 
semispan  Models. 

5.  The  wide  range  of  mass  ratio  covered  in  thiB  investigation  caused 
slsable  differences  in  flutter-speed  coefficients  (for  a  given  Mach  num¬ 
ber)  both  experimentally  and  theoretically. 


Langley  Research  Center, 

Rational  Aeronautics  and  Space  Administration, 
Langley  Air  Force  Base,  Va.  March  6,  1962. 
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Figure  1.-  Wing  panel  dinensions. 


Figure  3.-  Typical  solid  semi 8 pan  model.  L- 60-2607 


Weakened  semiapan  model.  L- 60-2609 


Figure  7.-  Bode -line  pattern  for  full-span  mode. 


4.  »/M  <*. 


Figure  15.-  Mass  ratios  and  Mach  numbers  covered  in  the  present  tests  in  air  and  Freon- 12  in  the 

transonic  dynamics  tunnel. 


Figure  16.-  Concluded. 


1.) 


14 


1.1 


t.  500  i,m 

Motenod  Solid 
Mil  Mil 


m s 

*011 


1*167 

Solid 

Stint 


Ponol  IMA, 

at  iv« 


a 

p 


a 

P 


Motel  olraituro 
Mounting 

Took  oodluo  terodjDMlt  r*rt—  tan 
uood  In  ooloulnttoni 


Mr 

Air 

PTOon»lf 

Mroon-12 


IMorotlotl 

Miuurod 

moarotlonl 

Mooourad 


1.0 


.8 


.4 


1.0 


1.1 


14 


(a)  Flutter  speeds. 


(b)  Flutter  frequencies. 

Figure  19.-  Correlation  of  measured  and  calculated  flatter  characteris 
tics  for  wings  In  air  and  In  Freon- 12. 


Figure  81.-  Effect  of  density  (or  mass  ratio)  on  the  flutter  reduced  fre¬ 
quency  calculated  for  weakened  2.500-foot  vall-nounted  wings  in  air. 


Figure  22.-  Comparison  of  flutter  characteristics  measured  in  the  tran< 
sonic  dynamics  tunnel  and  in  the  transonic  blovdovn  tunnel. 
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